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CHAPTER!. GENERALINTRODUCTION 
Many state agencies are constructing and using plastic-lined ponds for the culture of 
sport fish. However, there are few published studies on actual management of these ponds 
and most of those previously conducted studies focused on fertilization regimes (Bonneau et 
al. 1972; Ismail and O'Flaherty 1989; Jahn and O'Flaherty 1989; Barkoh 1996; Buurma et al. 
1996; Sparrow 1996; Rogge et al. 2002; Kaatz 2003; Rogge et al. 2003). 
There are several perceived advantages to using plastic-lined culture ponds as 
compared to earthen ponds. These advantages include: user ability to better control the 
environment; ability to be drained, flushed and re-filled easily; elimination of rooted aquatic 
macrophytes; ease of harvest; and less water loss from seepage (Kaatz 2003; Rogge et al. 
2003). Beyond the high initial costs of installation, the drawbacks to using these plastic-lined 
ponds include lack of sediment and dark coloration; plastic-liners absorb a tremendous 
amount of solar energy that is transferred directly into the pond. The importance of sediments 
in the removal and adsorption of excess nutrients has been studied extensively in earthen 
culture ponds (Avnimelech and Lacher 1979; Boyd 1985; Tucker 1985; Masuda and Boyd 
1994; Hargreaves 1997; Gross et al. 1998; Hargreaves 1998; Gross et al. 2000; Hargreaves 
and Tucker 2003). 
There are few studies that have investigated channel catfish (Ictalurus punctatus) 
culture in plastic-lined culture ponds (Bonneau et al. 1972; Sparrow 1996). Sparrow (1996) 
points out that site specific studies are needed to accurately determine critical water quality 
parameters and stocking densities of channel catfish in plastic-lined ponds. With the lack of 
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sediment in these types of ponds, it is important to establish management guidelines that 
pertain to water quality parameters and the culture of channel catfish. 
Channel catfish have long enjoyed popularity as a food fish in the southern part of 
their native range (southern Mississippi River Valley), and the development of commercial 
production occurred in Alabama during the late 1950s (Stickney 1993). Swingle (1956) first 
listed channel catfish as a possible species for commercial culture. The commercial catfish 
industry first became established in central Arkansas, but has since shifted to the Mississippi 
Delta. Research continues in this region to better advance the industry. In addition to its use 
in commercial aquaculture, the species is widely produced in state and federal hatcheries and 
stocked for recreational fishing (Stickney 1993). 
Water Quality 
Catfish have a fairly broad range of water quality tolerance (Hargreaves and Tucker 
2003). Jensen (1988) and Tucker and Robinson (1996) detail optimal and tolerated levels of 
water quality variables for survival and growth of channel catfish. 
Ammonia seems to be the most important nutrient in channel catfish production 
systems. Ammonia is the principle nitrogenous compound excreted by fish (Tomasso et al. 
1979; Tomasso et al. 1980) and is produced from catabolism of dietary protein (Hargreaves 
1998; Hargreaves and Kucuk 2001). Protein catabolism associated with feed consumption by 
fish results in elevated ammonia production (Jarboe 1995). Ammonia can reach lethal 
concentrations in culture ponds where large numbers of fish are held in a restricted space 
(Robinette 1976) if it is not removed from the environment or biologically oxidized by 
bacteria to nitrate (Tomasso et al. 1979). 
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The ultimate source of nearly all the ammonia in catfish ponds is the protein in feed 
(Hargreaves and Tucker 1999). Hargreaves (1997), while deriving a simulation model for 
ammonia dynamics in catfish ponds, considered the most important processes supplying 
ammonia to fish ponds to be fish excretion derived from nitrogen in feed and sediment 
diffusion. Cole and Boyd (1986) show a positive relationship between feeding rate and 
ammonia concentration. As feed is the largest nitrogen input in catfish ponds, improved 
feeds and feeding practices can increase the proportion of nitrogen recovered in fish and 
reduce the amount of ammonia excreted by fish (Gross et al. 2000). 
The toxicity of ammonia on channel catfish has been evaluated in a number of studies 
(Knepp and Arkin 1973; Colt and Tchobanoglous 1976; Robinette 1976; Colt and 
Tchobanoglous 1978; Tomasso et al. 1980). Knepp and Arkin (1973) reported that for 
channel catfish the LC100 value for total ammonia is 45.7 ppm and the LC50 value is 37.5 
ppm. According to Robinette (1976), the level ofun-ionized ammonia that will lead to 50% 
mortality in channel catfish over a 24-h period is 2.36 mg/L, although growth was halted at 
concentrations of 0.12 mg/Lor more. Colt and Tchobanoglous (1976) reported 4-d LC50 
values for un-ionized ammonia to channel catfish ranged from 2.4 to 3.8 mg/L. As the level 
of ammonia increases, growth decreases linearly (Colt and Tchobanoglous 1978). Most of 
the studies on the effects of ammonia concentration on channel catfish growth and survival 
have been conducted under controlled laboratory conditions, but the results of those studies 
should be applicable to commercial pond facilities (Stickney 1993). 
Phosphorus is another important nutrient in the culture of channel catfish; excessive 
phosphorus levels lead to increased phytoplankton populations resulting in decreasing water 
quality conditions There are only a few studies that look directly at phosphorus dynamics in 
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catfish ponds (Masuda and Boyd 1994; Gross et al. 1998). Many studies report statistics on 
phosphorus based on the influence that feed amounts and rates have on this nutrient 
(Avnimelech and Lacher 1979; Boyd 1985; Hariyadi et al. 1994; Seok et al. 1995; 
Hargreaves and Tucker 2003). 
Feed is the major source of phosphorus to channel catfish ponds (Boyd 1985). 
Channel catfish ponds often have a high abundance of phytoplankton because of excessive 
loading of phosphorous and other nutrients to the water (Gross et al. 1998). A moderate 
amount of phytoplankton is desirable for enhancing the dissolved oxygen (DO) supply and 
providing turbidity to prevent underwater weed growth in fed ponds, but high feeding rates 
and large associated inputs of phosphorous often result in excessive phytoplankton growth, 
which leads to frequent and severe DO depletion (Masuda and Boyd 1994). 
Phosphorus uptake by clay sediments is thought to be a major factor regulating 
phosphorus concentrations in intensive fish ponds (Masuda and Boyd 1994). Hargreaves and 
Tucker (2003) report that the ability of soils to adsorb phosphorus depends on clay content. 
Since there is no sediment-water interface in plastic-lined ponds to allow this adsorption to 
take place, feeding rates can more directly increase phosphorus inputs. With phosphorus not 
being a limiting factor excessive plankton blooms occur place and the results are possibly 
suppressed dissolved oxygen concentrations. 
The use oflow phosphorus feeds may lower phosphorus inputs in plastic-lined ponds. 
Gross et al. (1998) reported in earthen ponds there is little direct benefit oflow phosphorus 
diets in reducing phosphorus concentrations and phytoplankton abundance. They also agreed 
that the major factor controlling phosphorus dynamics in ponds was adsorption of 
phosphorus by bottom soils. 
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Dissolved oxygen (DO) is widely considered the most limiting water quality variable 
affecting fish production (Hargreaves and Steeby 1999). Low concentrations of DO are 
frequently a problem in pond culture of channel catfish (Boyd et al. 1979). Boyd and Tucker 
(1998) report that concentrations of DO at any one time depend on the relative rates of five 
major processes: air-water gas transfer, sediment oxygen uptake, animal respiration (channel 
catfish), plankton respiration, and photosynthesis. Normally, diffusion is of minor importance 
in the oxygen dynamics of catfish ponds (Boyd 1982). In plastic-lined ponds, the last three 
processes are the most important. 
Dissolved oxygen concentrations can fluctuate considerably over a 24-h period. The 
decline of dissolved oxygen at night is considered one of the most important water quality 
management problems (Tucker and Robinson 1996). As phytoplankton density increases, 
the magnitude of fluctuations in dissolved oxygen concentration increases and the duration 
below critical threshold concentrations correspondingly increases (Hargreaves and Tucker 
2003). Although more oxygen is formed, via photosynthesis, during the day as 
phytoplankton communities increase, more oxygen is consumed at night by these same algal 
communities. In densely stocked ponds, the combined respiration of plankton, fish and other 
aquatic organisms often causes dissolved oxygen concentrations to fall to dangerous levels at 
night during warmer months (Tucker and Robinson 1996). 
All of the aforementioned water quality variables, as well as nitrite, are dependent on 
the amount of feed added to the ponds. As temperatures rise, catfish become more active and 
more feed is given to the ponds. The more feed added to the ponds the more nutrients that 
become available for algae blooms. This possibly results in depleted DO reserves at the 
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same time that ammonia levels are high. Thus, it is important to manage for all of these 
factors at the same time. 
Feed and Feeding Rates 
Feed is one of the most important factors in the culture of channel catfish. The 
composition of commercial catfish feed can have impacts on growth, health and survival of 
catfish, overall water quality, and costs of production. Feed cost, which is the major variable 
operating cost associated with the production of channel catfish, is primarily dictated by the 
cost of protein (Robinson and Li 1997). Protein is the most expensive dietary component in 
catfish feeds and a primary consideration in feed formulation (Brown and Robinson 1989). 
The range of percentage protein used in commercial catfish diet studies varies 
considerably. Li and Lovell (1992) report that some studies in the 1970s used protein levels 
as high as 52%. Other studies, such as Robinson and Li (1997) used protein levels as low as 
16%. The typical range of dietary protein concentration used in feed studies is 
approximately 20-35% (Robinson and Li 1999; Li et al. 2000; Li et al. 2001). Most of the 
experimental diets center on 28-32% protein concentrations. This corresponds with the 
current commercial industry standard percentage protein used to grow out channel catfish to 
market size (Brown and Robinson 1989; Li and Lovell 1992). However, fry and early 
fingerlings require higher levels of protein, perhaps 50% at first feeding (Stickney 1993). 
Most studies on dietary protein levels seem to agree that dietary protein does not 
affect food conversion ratio (FCR) (Brown and Robinson 1989; Robinson and Li 1999; 
Robinson et al. 2000; Li et al. 2001; Li et al. 2003). Food conversion rates for 28% protein 
feeds range from 1.46 to 1.99 and 1.38 to 1.97 for 32% protein feeds. However, two studies 
(Robinson and Li 1997; Li et al. 2000) reported that dietary protein level had a significant 
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impact on FCR. Robinson and Li (1997) reported that FCR increased linearly as dietary 
protein increased. Li et al. (2000) did not see such a smooth trend. They reported that fish 
fed a 28% protein diet had a lower FCR than fish fed diets containing 24% and 32% protein, 
but had a FCR similar to fish fed the 36% protein diet. 
One of the most important parameters measured when testing feeds is weight gain of 
fish. This is important in both commercial operations and public hatcheries. Among the two 
most widely used protein percentages (28% and 32%), many studies report no significant 
difference in weight gain of channel catfish (Li and Lovell 1992; Robinson and Li 1999; Li et 
al. 2000; Robinson et al. 2000; Li et al. 2001; Li et al. 2003). The biggest effect on weight 
gain reported by many of these studies was feeding rate. 
Robinson and Li (1997) reported that weight gain of channel catfish fed a 24% 
protein diet was not different from fish fed 28% or 32% protein feed. However, fish fed diets 
containing 16% or 20% crude protein diets gained less weight than fish fed diets containing 
24% or 28% crude protein, but not less than fish fed the 32% protein diet. Li and Lovell 
(1992) reported that maximum weight gain of second and third year fish was obtained with a 
24% protein diet; however the effect on weight gain was not significant in second year fish. 
Dietary protein had a negative linear effect on weight gain for third year fish. The greatest 
decrease in weight occurred when protein was increased from 24 to 28%. 
The majority of studies that report a higher mean weight gain in fish fed a diet with a 
lower percentage dietary protein fed the fish to satiation. Those studies that report a higher 
mean weight gain in fish fed a diet with a higher percentage dietary protein fed fish at less 
then satiation, usually 3-5% body weight. 
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Stocking Densities 
Swingle (1956) first suggested stocking rates of 4,942 fish/ha. Prior to the 1980s, 
stocking rates were restricted to 6,175 to 9,884 fish/ha (Hargreaves 2002). With the use of 
electric paddlewheel aeration, stocking rates on the order of 14,820 to 24,710 fish/ha were 
possible. 
Using 6.7 cm fingerlings, Pomerleau and Engle (2003) compared stocking densities 
of 50,000, 100,000 and 150,000 fish/ha in earthen ponds in Arkansas. These fish were 
cultured for 166-171 d and were fed to satiation. They found that the lowest stocking density 
yielded fish that were significantly larger (26.9 cm) than the medium (24.8 cm) and high 
(23.4 cm) stocking densities. However, they reported that the medium stocking density was 
the most cost efficient of the three stocking densities. 
Tucker and Robinson (1996) presented estimates of fingerling sizes after 120 to 150 d 
culture season at stocking densities ranging from 24,710 to 1,235,500 fish/ha. Stickney 
(1993) reported that fingerlings ranging from 5 to 10 cm can be produced in about 120 days 
when fry are stocked in ponds at 250,000 to 375,000/ha. Stickney (1993) also reported if 20-
cm fingerlings are needed in 120 d, fry should be stocked at 35,000 to 50,000/ha. In 42 
percent of ponds, fry were stocked at a rate of 247,100 to 368, 179 fish/ha and almost one-
third of all ponds (29.7%) were lightly stocked, with fewer than 247,100 fish/ha (USDA 
2003). 
The above data and recommendations come primarily from published reports on 
research conducted in the Southeastern United States. Also, most of this research was done 
for the commercial catfish industry and culturing of food-size fish in earthen ponds. Our 
study differs in that this research takes place in the Midwest and in plastic-lined ponds. Our 
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understanding of factors needed to maximize effectiveness of catfish culture in this 
geographic region and in this pond type is extremely limited, making this study very 
important. The results and conclusions presented in this thesis will be used by the Iowa 
Department of Natural Resources (DNR) personnel to make informed decisions in the culture 
of channel catfish. 
Thesis Organization 
This thesis is organized into four chapters. This includes general introduction and 
general conclusions sections, formatted according to the American Fisheries Society. 
Literature Cited follows each chapter. 
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CHAPTER 2. EFFECTS OF DIFFERENT STOCKING DENSITIES ON CHANNEL 
CATFISH PRODUCTION AND WATER QUALITY IN MIDWESTERN PLASTIC-
LINED FISH CULTURE PONDS 
Len M. Kring, James B. Rudacille, David R. Walljasper, Joseph E. Morris 
Abstract 
In 2000 the Iowa Department of Natural Resources constructed ten 0.4-ha plastic-
lined ponds at the Rathbun Fish Hatchery in Moravia, Iowa. During the first 3 years of use, 
inconsistent growth and survival of channel catfish (Ictalurus punctatus) were evident. This 
study was initiated to determine best management practices to achieve consistent growth and 
survival, while investigating nutrient dynamics in these ponds. In 2003, stocking densities of 
75,000 and 112,000 fish/ha were randomly split between the 10 ponds. There were no 
differences in water quality parameters except for a significant difference in total phosphorus 
with ponds stocked at a rate 112,000 fish/ha having the higher concentration. Catfish stocked 
in ponds at a rate of 75,000 fish/ha exhibited higher growth rates and longer lengths at 
harvest; however there were no significant differences between the treatments for growth or 
survival. In 2004, stocking densities of 38,000 and 75,000 fish/ha were randomly split 
among the 10 ponds. There were significant differences in ammonia, total phosphorus and 
chlorophyll g concentrations, with the ponds stocked at the higher rate having the higher 
nutrient concentrations. Catfish in the lower stocking density treatment had significantly 
larger growth. During both culture seasons ammonia and total phosphorus were highly 
correlated with cumulative feed added to the ponds. Relative weights of channel catfish 
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cultured in 2003 were larger then those of the catfish cultured in 2004. We believe this is the 
result of reduced feeding activity in 2004 based on cooler average air temperatures. 
Introduction 
There is a limited amount of published information on the use and management of 
plastic-lined ponds for fish culture (Bonneau et al. 1972; Ismail and O'Flaherty 1989; Jahn 
and O'Flaherty 1989; Barkoh 1996; Buurma et al. 1996; Sparrow 1996; Rogge et al. 2002; 
Kaatz 2003; Rogge et al. 2003). Many of these studies focus on fertilization regimes to 
enhance either autotrophic or heterotrophic food webs or involve the culture of other fish 
taxa. Only two published studies on plastic-lined pond use for fish culture center on channel 
catfish (Bonneau et al. 1972; Sparrow 1996). 
In 2000, the Iowa Department of Natural Resources (IDNR) constructed ten 0.4-ha 
plastic-lined ponds at the Rathbun Fish Hatchery, Moravia, Iowa. These ponds are used to 
culture channel catfish (Ictalurus punctatus), walleye (Sander vitreus) and other game fish 
that are subsequently stocked into public fishing waters. Due to lack of knowledge, best 
management practices must be developed for these relatively unique culture systems. 
Sparrow (1996), reported that site specific studies are needed to accurately determine critical 
water quality parameters and stocking densities of channel catfish in plastic-lined ponds. 
The majority of research published on the culture of channel catfish has taken place in 
the southeastern United States beginning with Swingle (1956), who first suggested the use of 
channel catfish as an aquaculture species. These studies are focused on channel catfish 
culture in earthen ponds and how to improve the commercial catfish industry. There is 
limited information on the culture of channel catfish in the Midwest (Morris 1993). Nutrient 
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dynamics and feeding and stocking rates based on previous studies from earthen ponds may 
not be adequate guidelines when trying to apply them to plastic-lined culture ponds. 
Channel catfish have a fairly broad range of water quality tolerance (Hargreaves and 
Tucker 2003). Jensen (1988) and Tucker and Robinson (1996) presented optimal and 
tolerated levels of water quality variables for survival and growth of channel catfish. 
Ammonia is the principle nitrogenous compound excreted by fish (Tomasso et al. 1979; 
Tomasso et al. 1980) and is produced from catabolism of dietary protein (Hargreaves 1998; 
Hargreaves and Kucuk 2001). Phosphorus, although not directly harmful to fish, can lead to 
infestation of algae, which can lead to low dissolved oxygen problems (Masuda and Boyd 
1994). Sediments in commercial catfish ponds can affect the amounts of nutrients in the 
water column. However, with no sediments available in plastic-lined ponds, models 
predicting nutrient balance are not applicable. 
To reduce high levels of nutrients, as well as achieve fish size goals, in plastic-lined 
ponds, low stocking densities may be needed. Morris (1993) noted that fish culturists need to 
limit the initial stocking density of channel catfish fry to 61,775 fry per ha to obtain 18 cm 
fingerlings by fall in the Midwest. Stickney (1993) reported if fingerlings of 20 cm are 
needed in 120 days, fry should be stocked at 35,000 to 50,000/ha. 
This study is a compilation of the first 2 years of a study initiated by the IDNR. The 
impetus for this study was the variable survival as well as slow growth of fingerling channel 
catfish in these newly constructed plastic-lined ponds. The goal of the IDNR is to raise 18-
20 cm channel catfish fingerlings in a 120-d culture period that are robust enough to survive 
once they are released into public waters. The aim of this study is to determine the stocking 
density that best provides for the most consistent production of 18-20 cm channel catfish, 
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while gaining an understanding of factors influencing nutrient concentrations in plastic-lined 
culture ponds. 
Materials and Methods 
2003 
Study site description 
This research was conducted at the Rathbun Fish Culture and Research Facility, 
Moravia, Iowa. Ten 0.4-ha plastic-lined ponds were used for comparison of effects of two 
stocking densities on fish production and water quality. The two stocking densities used 
were 75,000 fish/ha and 112,000 fish/ha. Individual ponds were experimental units, and 
were randomly assigned a treatment. All ponds were filled with water from Lake Rathbun. 
The ponds were cleaned and filled 1-2 days prior to stocking and stocking began on 12 June 
2003 and ended on 9 July 2003. Catfish stocked into the ponds ranged in size from 3.8 cm to 
6.4 cm and 0.6 g to 2.3 g. 
Feeding 
Feeding rates and pellet size of feed fed were based on recommendations from Morris 
(1993), and Tucker and Robinson (1996). Nelson and Sons' (Murray, Utah) SilverCup™ 
Steelhead diet was used initially, followed by SilverCup™ Extruded Catfish Feed. At the 
outset of the study, the diets contained 45% crude protein. Starting in early September, the 
diets contained 36% crude dietary protein. Upon changing feed size or type, a mix of the 
feeds was used for a 3-5 d transition period. 
Fish were fed twice a day, Monday through Friday, and once a day on weekends. 
The total daily ration of feed was spread out equally over the two feedings; half being fed on 
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Saturday and Sunday. Fish were fed at the deep end of each pond. Feeding began 
approximately 1-2 days after fish were stocked into the ponds. Feeding was halted an 
average of 5 days before each pond was harvested. 
Sampling methods 
Initial water analysis was on 23 June 2003. Samples were collected twice a week 
(Monday and Thursday) beginning 7 July 2003 until 14 August 2003; samples were then 
collected weekly until each of the ponds was harvested, using a tube sampler whereby a 
representative sample of the entire water column was obtained. 
Water chemistry was performed with a Hach DR/2010 spectrophotometer (Hach, 
Loveland, Colorado). Parameters analyzed twice a week include total ammonia-nitrogen 
(NH3-N), nitrite-nitrogen (N02--N), nitrate-nitrogen (N03--N), total nitrogen (TN), and total 
phosphorus (TP). Alkalinity and hardness were analyzed once a week. 
Parameters measured at pond-side included dissolved oxygen (DO), pH, temperature, 
and Secchi disk readings. Secchi readings were recorded twice a week (Monday and 
Thursday). A YSI Model 60 pH meter (Yellow Springs, Ohio) was used to record pH and 
temperature. Temperature and pH were measured twice a week (Monday and Thursday) at 
the top and bottom of each pond. Standards were used weekly to calibrate pH meter. A YSI 
Model 55 oxygen meter (Yellow Springs, Ohio) was used to measure dissolved oxygen. 
Dissolved oxygen was measured three times a week (Monday, Wednesday and Thursday) 
and readings were taken from the bottom, middle and top of each pond. Starting on 7 August 
2003, a YSI 556 MPS meter (Yellow Springs, Ohio) was acquired and replaced the existing 
dissolved oxygen and pH meters. 
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Water samples for chlorophyll~ extraction were collected once a week starting 31 
July 2003. Samples, ranging in size from 25-ml to 300-ml, were filtered through 47mm glass 
Microfibre filters using a vacuum pump (Bamant Company, Barrington, Illinois). The filters 
were frozen and stored in darkness until analysis. Chlorophyll~ levels were analyzed 
according to procedures reported by APHA (1998). 
Samples of feed were taken from every new lot of feed and when feed size or 
composition was changed. Sediment samples were collected from the bottom of ponds 
immediately after harvest. Feed and sediment samples were analyzed by Minnesota Valley 
Testing Laboratories, Inc. (New Ulm, MN) 
Fish sampling began on all ponds 18 July 2003. Samples were taken approximately 
once every 2 weeks until 4 September 2003. Fish were collected with the use of a cast net 
(Memphis Net and Twine, Memphis, Tennessee). Lengths and weights were taken from a 
maximum of 30 fish from each pond. Measured fish were preserved in a 10% buffered 
formalin solution. Averages of these measurements were then used to adjust feeding rates 
based on recommendations described above. 
Ponds were harvested beginning on 29 September 2003 and ended on 28 October 
2003. Samples of 30 fish from each pond were obtained, and mean lengths and weights were 
obtained. Total number of fish harvested, as well as percent survival, was calculated based 
on three check weights taken on random samples of fish. Normalized biomass increase (NBI) 
was determined to take into account the differences in survival. NBI was first introduced by 
Conklin et al. (1975). It is described as biomass, as a function of survivability and wet weight 
gain increase over time, used to illustrate differences in growth response. This biomass index 
can reflect the influence of experimental variables as well as predict yield. Relative weight 
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was calculated to indicate robustness of the cultured channel catfish. The relative weight 
index (Wr), used as an index for fish body condition, was first introduced by Wege and 
Anderson (1978) for largemouth bass (Micropterus salmoides). Since then, it has been 
developed for many other fish species, including channel catfish (Brown et al. 1995). The 
relative weights are based on a scale of 100, in which a value of 100 indicates good fish 
health; scores below and above his level reflect respectively either fish being thin or plump. 
2004 
Study site description 
As in 2003, this research was conducted at the Rathbun Fish Culture and Research 
Facility, Moravia, Iowa. Experimental treatments were changed in that instead of 75,000 and 
112,000 fish/ha, the two stocking densities used were 38,000 fish/ha and 75,000 fish/ha. The 
ponds were cleaned and filled a few days prior to stocking. Stocking began on 7 June 2004 
and ended on 16 June 2004. Even numbers of ponds were stocked each day to ensure even 
replication of each treatment. The catfish stocked into the ponds ranged in size from 2.54 cm 
to 4.62 cm and 0.67 g to 0.91 g. 
Feeding 
Feeding rates and pellet sizes of feed fed were based on recommendations from 
Morris (1993), and Tucker and Robinson (1996). Nelson and Sons' (Murray, Utah) 
SilverCup™ Steelhead diet was used initially. This diet contained 45% crude dietary protein. 
Once fish reached a size of approximately 6.4 cm, feed was switched to SilverCup™ 
Extruded Catfish Feed. This feed contained 35% crude dietary protein. Upon changing feed 
size or type, a mix of the feeds was used for a 3-5 d transition period. 
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Fish were fed twice a day (9:00 a.m. and 3:00 p.m.), Monday through Friday, and 
once a day (9:00 a.m.) on weekends. The total daily ration of feed was spread out equally 
over the two feeding periods. Half of the daily total was fed on Saturday and Sunday. Fish 
were fed from the deep end of each pond. Feeding began an average of 3 days after fish were 
stocked. 
Sampling methods 
Water analysis began 9 June 2004. Samples were collected from each pond prior to 
stocking to obtain a baseline report of water quality. Twice a week (Monday and Thursday) 
water sampling began 21 June 2004. The samples were obtained using a tube sampler in 
order to collect a representative sample of the entire water column. 
Water chemistry was performed with a Hach DR/2010 spectrophotometer (Hach, 
Loveland, Colorado). Parameters analyzed twice a week include total ammonia-nitrogen 
(NH3-N), nitrite-nitrogen (N02--N), total nitrogen (TN), and total phosphorus (TP). Nitrate-
nitrogen (N03--N) was measured once a week. Alkalinity and hardness were analyzed bi-
weekly. 
Parameters measured at pond-side included dissolved oxygen (DO), pH, temperature, 
and Secchi disk readings. Secchi readings were recorded twice a week (Monday and 
Thursday). A YSI model 556 MPS meter (Yellow Springs, Ohio) was used to obtain 
dissolved oxygen, pH and temperature readings twice a week (Monday and Thursday). 
Standard buffers were used bi-weekly to calibrate the ph probe of the meter. Dissolved 
oxygen, pH and temperature were recorded from the top, mid-depth and bottom of each 
pond. These parameters were measured prior to sunrise so that the lowest concentration of 
24 
dissolved oxygen could be recorded. Dissolved oxygen, pH and temperature were also 
measured in the afternoon (Thursdays) at the mid-depth level of each pond. 
Water samples for chlorophyll ~ extraction were collected once a week. Samples, 
ranging in size from 25-ml to 300-ml, were filtered through 47mm glass Microfibre filters 
using a vacuum pump (Bamant Company, Barrington, Illinois). The filters were frozen and 
stored in darkness until analysis. Chlorophyll~ levels were analyzed according to procedures 
reported by APHA (1998). 
Samples of feed were taken from every new lot of feed and when feed size or 
composition was changed. Sediment samples were collected from the bottom of ponds 
immediately after harvest. Sediment and feed samples were analyzed by Minnesota Valley 
Testing Laboratories Inc. (New Ulm, MN). 
Fish sampling began on all ponds 7 July 2004. Sampling took place once every 2 
weeks until ponds were harvested. Fish were captured with the use of a cast net (Memphis 
Net and Twine, Memphis, Tennessee). Lengths and weights were taken from a maximum of 
30 fish from each pond. Averages of these measurements were then used to adjust feeding 
rates based on the recommendations described above. 
Ponds were harvested beginning on 13 September 2004 and ending on 29 September 
2004. Lengths and weights were obtained from 100 fish from each pond. Total number of 
fish harvested, as well as percent survival, was calculated based on three check weights taken 
on random samples of fish. As in 2003, NBI and Wr values were calculated. 
Data Analysis 
Treatment differences were analyzed using SAS 9.0 software (SAS Institute, Cary, 
North Carolina) to determine significant differences in water quality variables as well as fish 
25 
production parameters. Overall differences in water quality variables between treatments 
were analyzed via repeated measures designs, and differences in fish production parameters 
between treatments were analyzed with at-test. Significance was set at P :'.:S 0.10. 
Results 
2003 
Water Chemistry 
Ponds that were stocked at rates of 112,000 fish/ha showed increased amounts of 
nitrogenous compounds as well as total phosphorus. Table 2.1 shows these as well as other 
water quality parameters measured through out the 2003 culture season. There were overall 
significant differences in total phosphorus between treatments; ponds in the 112,000 fish/ha 
treatment had more total phosphorus. Ammonia and total phosphorus increased significantly 
as a function of total feed added to ponds for both treatments. R-squared values for ammonia 
regressed against cumulative feed were 0.89 for the ponds stocked at a rate of 75,000 fish/ha 
and 0.74 for ponds stocked at a rate of 112,000 fish /ha. R-squared values for total 
phosphorus regressed against cumulative feed were 0.8 for ponds stocked at a rate of 75,000 
fish/ha and 0.89 for ponds stocked at a rate of 112,000 fish /ha. Air temperature and 
precipitation data were also obtained for the 2003 culture season (Figure 2.1 ). The culture 
season was relatively dry and temperate so fish production was not hampered by heavy rain 
or cold weather. Historical average air temperatures for the Rathbun Fish Hatchery are 30°, 
29° and 24° C respectively for the months of July, August and September (www.weather.com 
visted 26 February 2005). The average air temperatures obtained for the 2003 culture season 
were 29.5° (July), 31° (August) and 23° (September). 
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Table 2.1. Means± SEs (range) of water quality parameters in plastic-lined production 
ponds stocked with channel catfish at densities of 75,000 and 112,000 fish/ha during 
the 2003 channel catfish fingerling culture period at Rathbun Fish Hatchery, Moravia, 
Iowa. 
Treatment fish/ha 
Parameter 752000 1122000 
Dissolved Oxygen (mg/L) 
Bottom 6.05 ± 0.164 5.96 ± 0.165 
(2.93-8.91) (2.64-11.86) 
Middle 6.07 ± 0.167 6.00 ± 0.182 
(2.94-8.94) (2.61-11.82) 
Top 6.07 ± 0.165 6.01±0.181 
(2.92-8.97) (2.64-11.68) 
Temperature (°C) 
Bottom 25.50 ± 0.419 24. 72 ± 0.452 
(12.2-31.2) (12.3-30.7) 
Middle 22.99 ± 0.856 21.84 ± 0.797 
(12.2-31.0) (12.3-30.4) 
Top 25.41 ± 0.423 24.68 ± 0.456 
(12.2-30.6) (12.3-30.3) 
pH 
Bottom 8.92 (7.48-10.11) 8.70 (7.45-9.54) 
Middle 9.17 (7.49-10.11) 8.77 (7.54-9.40) 
Top 8.85 (7.49-9.99) 8.69 (7.54-9.54) 
Secchi disk (m) 0.67 ± 0.033 0.57 ± 0.029 
(0.20-1.50) (0.20-1.60) 
Table 2.1. (continued) 
Parameter 
Ammonia (NH3-N; mg/L) 
Nitrite (N02-N; mg/L) 
Nitrate (N03-N; mg/L) 
Total Phosphorus (mg/L) 
Alkalinity (CaC03; mg/L) 
Hardness ( CaC03; mg/L) 
Chlorophyll~ (mg/m3) 
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Treatment fish/ha 
75 000 
0.36 ± 0.023 
(0.0-1.60) 
0.016 ± 0.0008 
(0.0-0.042) 
0.43 ± 0.026 
(0.0-1.20) 
0.16 ± 0.013 
(0.0-0.54) 
85.13 ± 1.84 
(62.0-170.0) 
139.44 ± 4.30 
(96.0-245.0) 
457.22 ± 101.72 
(0.921-2423.77) 
112 000 
0.40 ± 0.022 
(0.04-1.16) 
0.020 ±0.001 
(0.004-0.061) 
0.51 ± 0.029 
(0.10-1.40) 
0.23 ± 0.018 
(0.0-0.85) 
85.41 ± 1.28 
(56.0-116.0) 
146.73 ± 4.68 
(93.0-263.0) 
422.15 ± 57.84 
(7.63-1460.37) 
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Figure 2.1. Precipitation and temperature during the 2003 channel catfish culture season at 
the Rathbun Fish Hatchery, Moravia, Iowa. Data are compiled from the day the first 
pond was stocked (12 June 2003) to the when the last pond was harvested (28 
October 2003). Data obtained from http://cdo.ncdc.noaa.gov/dly/DL Y, visited 11 
January 2005. 
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Sediment 
Sediment samples collected from the ponds immediately after harvest were analyzed 
for important nutrients. No significant differences were seen between the treatments. 
However, the larger stocking rate (112,000 fish/ha) had higher levels of nutrients than the 
lower stocking rate (75,000 fish/ha) (Table 2.2). 
Table 2.2. Mean (±SE) nutrient values found in pond sediments following harvest of channel 
catfish production ponds stocked at a rates of 75,000 fish/ha and 112,000 fish/ha 
during the 2003 channel catfish fingerling culture season at the Rathbun Fish 
Hatchery, Moravia, Iowa. 
Treatment Phosphorus Total Nitrogen Ammonia 
(mg/kg) (%) (mg/kg) 
5,640.00 4.01 2,650.00 
75,000 (1798.22) (0.360) (1184.98) 
11,820.00 4.33 4,340.00 
112,000 (3474.10) (0.237) (1162.58) 
30 
Feed 
Commercial feed containing 45% dietary protein was fed to channel catfish 
fingerlings until early September and then was replaced by a commercial feed containing 
36% dietary protein. Table 2.3 shows an analysis of critical feed ingredients. 
Table 2.3. Percentages of key nutrients found in commercial feeds used during the 2003 
fingerling culture period, to grow channel catfish in production ponds at the Rathbun Fish 
Hatchery, Moravia, Iowa. 
Feed Protein 
(%) 
Silver Cup 3.5 38.21 
(36%) 
Silver Cup 3.5 48.26 
(45%) 
Fat 
(%) 
7.60 
18.19 
Phosphorus 
(%) 
0.91 
1.05 
Kjeldahl Nitrogen 
(%) 
6.12 
7.72 
Ammonia 
(mg/kgN) 
1400 
1100 
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Channel Catfish Production 
There were no overall significant differences between the two treatments in fish size, 
growth rates, survival, NBI, Wr or feed conversion. However, catfish in the lower stocking 
rate showed higher growth rates, larger NBI (Table 2.4) and longer lengths (Figures 2.2 and 
2.3) while being cultured for an average of 10 less days. Although fish in the 75,000 fish/ha 
treatment tended to have larger average lengths through out the culture season, there were no 
significant differences in final harvest lengths or weights between the two treatments (Figure 
2.3). The high relative weights indicate that the fish were plump; this is probably reflective 
of the optimal air temperatures that allowed for consistent feeding and growth. 
Table 2.4. Mean (±SE) food conversion, survival, days cultured, absolute growth, specific growth and normalized biomass index 
(NBI) of channel catfish cultured in plastic-lined production ponds stocked at rates of 75,000 fish/ha and 112,000 fish/ha 
during the 2003 channel catfish fingerling culture season at the Rathbun Fish Hatchery, Moravia, Iowa. 
Treatment Food Conversion Survival Culture Days Absolute Growth Specific Growth NBI Wr 
(kg feed/kg fish) (%) (grams/day) (%/day) 
1.29 86.80 109.60 0.278 3.01 26.42 119.50 
75,000 (0.19) (4.54) (3.82) (0.024) (0.14) (2.95) (4.67) 
1.20 85.20 119.0 0.245 2.75 24.76 119.45 
(3.08) (2.80) VJ 112,000 (0.083) (3.34) (4.46) (0.021) (0.22) N 
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Figure 2.2. Means and standard errors of lengths (mm), prior to harvest, of channel catfish 
sampled from plastic-lined ponds stocked at rates of 75,000 fish/ha and 112,000 
fish/ha during the 2003 channel catfish fingerling culture season at the Rathbun Fish 
Hatchery, Moravia, Iowa. 
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channel catfish grown in plastic-lined ponds under two different stocking densities, 
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75,000 fish/ha and 112,000 fish/ha, during the 2003 channel catfish production season 
at the Rathbun Fish Hatchery, Moravia, Iowa. 
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2004 
Water chemistry 
Ponds stocked at rates of 75,000 fish/ha had higher amounts of nitrogenous 
compounds as well as total phosphorus (Table 2.5). There were overall significant 
differences in ammonia, total phosphorus and chlorophyll g between the two treatments. The 
ponds stocked at a rate of 38,000 fish/ha had higher levels of dissolved oxygen. However 
both treatments had sustained levels of dissolved oxygen necessary to culture channel catfish. 
Ammonia and total phosphorus increased as a function of feed added to the ponds for both 
treatments. R-squared values for ammonia regressed against feed were 0.78 for ponds 
stocked at a rate of 38,000 fish/ha and 0.81 for ponds stocked at a rate of 75,000 fish/ha. R-
squared values for total phosphorus regressed against feed were 0.92 for ponds stocked at a 
rate of 38,000 fish/ha and 0. 73 for ponds stocked at a rate of 75,000 fish/ha. Air temperature 
and precipitation data were also obtained for the culture period (Figure 2.4). There were few 
rainfall events so the culture season was relatively dry. Air temperatures were consistently 
low and could have contributed to slow fish growth. Historical average air temperatures for 
the Rathbun Fish Hatchery are 30°, 29° and 24° C respectively for the months of July, August 
and September (www.weather.com visted 26 February 2005). The average air temperatures 
obtained for the 2004 culture season were 27° (July), 25.5° (August) and 26° (September). In 
contrast, the 2003 average air temperatures for July and August were 29 .5° and 31° C, 
respectively. 
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Table 2.5. Means± SEs (range) of water quality parameters in 0.4-ha plastic-lined 
production ponds stocked with channel catfish at densities of 38,000 and 75,000 
fish/ha during the 2004 channel catfish fingerling culture period at Rathbun Fish 
Hatchery, Moravia, Iowa. Dissolved oxygen, temperature and pH readings were 
obtained prior to sunrise. 
Treatment fish/ha 
Parameter 38 000 75 000 
Dissolved Oxygen (mg/L) 
Bottom 7.89 ± 0.181 7.46 ± 0.169 
(0.32-13.38) (1. 76-12.57) 
Middle 8.28 ± 0.165 7.62 ± 0.169 
(2.3 8-14.44) (2.80-12.84) 
Top 8.45 ± 0.160 7.72 ± 0.166 
(2.42-15.39) (2.84-13.07) 
Temperature (°C) 
Bottom 24.60 ± 0.180 24.53 ± 0.170 
(20.6-29.3) (20.2-29.1) 
Middle 24.65 ± 0.179 24.56 ± 0.170 
(20.6-29.2) (20.2-29.1) 
Top 24.68 ± 0.177 24.56 ± 0.169 
(20.6-29.2) (20.2-29.1) 
pH 
Bottom 8.98 (7.48-9.73) 8.87 (7.24-9.75) 
Middle 9.03 (7.51-9.81) 8.91 (7.25-9.79) 
Top 9.08 (7.57-9.90) 8.94 (7.35-9.88) 
Secchi disk (m) 0.96 ± 0.048 0.85 ± 0.043 
(0.30-1.80) (0.30-1. 70) 
Turbidity 7.71±0.472 9.81 ± 0.530 
(1.90-24.80) (3.08-30.60) 
Ammonia (NH3-N; mg/L) 0.22 ± 0.012 0.27 ± 0.014 
(0.008-0.67) (0.0-0.99) 
Nitrite (N02-N; mg/L) 0.013 ± 0.0005 0.015 ± 0.0006 
(0.004-0.032) (0.005-0.032) 
Table 2.5. (continued) 
Parameter 
Nitrate (N03-N; mg/L) 
Total Phosphorus (mg/L) 
Alkalinity (CaC03; mg/L) 
Hardness (CaC03; mg/L) 
Chlorophyll~ (mg/m3) 
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75 000 
0.36 ± 0.023 
(0.0-0.80) 
0.094 ± 0.008 
(0.0-0.73) 
79.80 ± 2.28 
( 52.0-106.0) 
118.19 ± 4.90 
(69.0-177.0) 
29.14 ± 5.60 
(0-152.72) 
Treatment fish/ha 
112 000 
0.41±0.023 
(0.0-0.90) 
0.13 ± 0.011 
(0.0-0.84) 
82.50 ± 2.05 
(56.0-105.0) 
120.10±4.15 
(80.0-189.0) 
44.57 ± 5.69 
(1.60-162.87) 
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Figure 2.4. Precipitation and temperature during the 2004 channel catfish culture season at 
the Rathbun Fish Hatchery, Moravia, Iowa. Data are compiled from the day the first 
pond was stocked (7 June 2004) to the when the last pond was harvested (29 
September 2004). Data obtained from http://cdo.ncdc.noaa.gov/dly/DL Y, visited 11 
January 2005. 
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Sediment 
Sediment samples were collected immediately after harvest and analyzed for 
important nutrient composition. Although no significant differences were seen between 
treatments, the higher stocking density treatment (75,000 fish/ha) had higher amounts of 
sediment nutrients than the lower stocking density treatment (38,000 fish/ha) (Table 2.6). 
Table 2.6. Mean(± SE) nutrient values found in pond sediments following harvest of 
channel catfish production ponds stocked at a rates of 38,000 fish/ha and 75,000 
fish/ha during the 2004 channel catfish fingerling culture season at the Rathbun Fish 
Hatchery, Moravia, Iowa. 
Treatment Phosphorus Total Nitrogen Ammonia 
(mg/kg P) (%) (mg/kgN) 
6,518.00 3.11 2,084.0 
38,000 (1394.50) (0.409) (373.57) 
8,164.00 4.05 4,760.00 
75,000 (435.94) (0.289) (1655.49) 
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Feed 
Commercial feeds of varying size and protein percent was fed to channel catfish in 
plastic-lined ponds during the 2004 culture season. Initial feeds contained approximately 
50% dietary protein and finishing feeds contained approximately 36% dietary protein. Table 
2.7 displays nutrient contents of the different commercial feeds used. 
Table 2.7. Percentages of key nutrients found in commercial feeds used during the 2004 
fingerling culture period, to grow channel catfish in production ponds at the Rathbun 
Fish Hatchery, Moravia, Iowa. 
Feed Manufacturer Protein Fat Phosphorus Kjeldahl Ammonia 
Protein(%) (%) (%) (%) Ntirogen(%) (mg/kgN) 
Silver Cup #2 48 53.71 18.80 1.54 8.44 1830 
Silver Cup #3 45 51.09 19.68 l.47 7.82 1190 
Silver Cup 1.5 35 39.02 11.08 1.19 6.16 988 
Silver Cup 2.5 35 41.50 10.42 1.33 6.57 1170 
Silver Cup 3.5 35 39.43 12.22 1.15 6.24 1490 
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Channel Catfish Production 
There were significant differences between the two treatments in days cultured, 
specific growth and normalized biomass, but not in food conversion, survival or absolute 
growth (Table 2.8). Catfish cultured in ponds stocked at a rate of 38,000 fish/ha showed 
higher growth and survival while being grown for fewer days. The fish in the lower stocking 
rate were consistently longer throughout the culture season (Figure 2.5) and were 
significantly longer and significantly heavier at the end of the culture season (Figure 2.6). 
The high relative weights indicate that the fish were plump; however, relative weights were 
lower then the previous season and could be an indication that the catfish did not feed as 
actively due to cooler temperatures through out the culture season. 
Table 2.8. Mean (±SE) food conversion, survival, days cultured, absolute growth, specific growth and normalized biomass index 
(NBI) of channel catfish cultured in plastic-lined production ponds stocked at rates of 38,000 fish/ha and 75,000 fish/ha 
during the 2004 channel catfish fingerling culture season at the Rathbun Fish Hatchery, Moravia, Iowa. Parameters marked 
with an asterisk (*) are significantly different, P<0.10 
Treatment Food Conversion Survival Culture Days* Absolute Growth Specific Growth* NBI* Wr 
(kg feed/kg fish) (%) (grams/day) (%/day) 
1.16 85 97.20 0.371 3.92 30.19 108.56 
38,000 (0.070) (5.92) (2.48) (0.046) (0.20) (3.86) (1.29) 
1.14 74 104.60 0.288 3.49 21.90 108.36 
75,000 (0.028) (3.60) (1.36) (0.012) (0.052) (0.52) (1.18) 
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Figure 2.5. Means and standard errors of lengths (mm), prior to harvest, of channel catfish 
sampled from plastic-lined ponds stocked at rates of 38,000 fish/ha and 75,000 fish/ha 
during the 2004 channel catfish fingerling culture season at the Rathbun Fish 
Hatchery, Moravia, Iowa. 
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Figure 2.6. Means and standard errors of harvest lengths (mm) and weights (grams) of 
channel catfish grown in plastic-lined ponds under two different stocking densities, 
38,000 fish/ha and 75,000 fish/ha, during the 2004 channel catfish production season 
at the Rathbun Fish Hatchery, Moravia, Iowa. 
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Discussion 
Channel catfish have been cultured in earthen ponds extensively since Swingle (1956) 
first suggested catfish as a possible species for aquaculture. However, there is limited 
information on the culture of channel catfish in plastic-lined ponds (Bonneau et al. 1972; 
Sparrow 1996). Many studies on plastic-lined ponds investigate either different species of 
fish or fertilization regimes in these artificial environments. In addition, there is limited 
information related to channel catfish culture in the cooler temperatures of the upper 
Midwest (Morris 1993). Culturing channel catfish in Iowa is difficult because of a relatively 
short growing season that is estimated to range from 90 - 150 d, decreasing from the 
southeast to northwest comer of the state, with an average of only 105 d for the state as a 
whole (Busch 1985). 
During the 2003 culture season plastic-lined ponds were stocked at rates of 75,000 
fish/ha and 112,000 fish/ha. Ponds stocked at the higher density showed increased amounts 
of nitrogenous compounds and total phosphorus; however there was only a significant 
difference in the amount of total phosphorus. The ultimate source of nearly all the ammonia 
in catfish ponds is the protein in feed (Hargreaves and Tucker 1999). Feed is the major 
source of phosphorus to channel catfish ponds (Boyd, 1985). It is expected that there would 
be more phosphorus in ponds where more feed is applied. The major factor affecting 
phosphorus dynamics in ponds is the adsorption of phosphorus by bottom soils (Boyd 1996; 
Gross et al 1998). These plastic-lined ponds are flushed clean between culture seasons so 
there is a negligible amount of sediments on the bottom. 
In 2004, the plastic-lined ponds were stocked at rates of 38,000 fish/ha and 75,000 
fish/ha. Ponds with the larger number of catfish had significantly higher amounts of 
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ammonia and total phosphorus. The ponds stocked with 75,000 fish/ha in 2003 had more 
ammonia and total phosphorus then the ponds stocked at the same rate in 2004. We believe 
the reason for the higher ammonia concentrations was the fact that a feed containing 45% 
protein was fed in 2003 and a feed containing 36% protein was fed in 2004. Ammonia is 
produced from catabolism of dietary protein (Hargreaves 1998; Hargreaves and Kucuk 
2001). Protein catabolism associated with feed consumption by fish results in elevated 
ammonia production (Jarboe 1995). The higher the dietary protein, the higher the ammonia 
produced by the fish. Also, an average of 960 kg of feed was fed to these ponds in 2003 
compared to an average of 7 4 7 kg fed to the ponds stocked at the same rate in 2004. 
As can be seen from tables 2.3 and 2.7, the composition of feed can differ from one 
year to the next. For example, the 36% Silver Cup 3.5 feed from 2003 had a percent 
phosphorus of0.91 compared to a percent phosphorus of 1.15 in 2004. This would lead one 
to believe that the phosphorus levels of the ponds in 2004 would be higher then they were in 
2003. However, phosphorus concentrations were higher in 2003. The fact that more average 
feed was applied to the ponds in 2003, could explain why phosphorus levels were higher in 
2003. 
High amounts of available phosphorus can lead to excessive algal blooms. As 
phytoplankton remove carbon dioxide from the water during photosynthesis, pH rises 
rapidly. This is because carbon dioxide in water acts as an acid (Boyd and Tucker 1998). 
This rapid rise in pH occurs during the afternoon on sunny summer days that favor 
photosynthesis. With the low alkalinity seen in these ponds due to the water source, there is 
a low buffer capacity to combat the diurnal swings in pH level. High pH levels accompanied 
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by higher water temperatures increases the amount of total ammonia that is un-ionized. Un-
ionized ammonia is the species most harmful to aquatic organisms. 
Mean un-ionized ammonia levels in 2003 ranged from 0.086 to 0.12 mg/Land in 
2004 from 0.0833 to 0.0819 mg/L from low treatment to high treatment. Jensen (1988) 
suggests a safe limit of less than 0.05 mg/L for channel catfish, whereas Tucker and 
Robinson (1996) report a tolerated level less 0.2 mg/L for channel catfish. While the levels 
ofun-ionized ammonia present in the ponds may not have caused mortality in the catfish, 
there is reason to believe that they could have hampered growth. Robinette (1976) reported a 
significant difference in growth between fish cultured at 0.001 mg/L un-ionized ammonia 
and fish cultured at either 0.12 or 0.13 mg/L un-ionized ammonia. 
In both 2003 and 2004, concentrations of ammonia and total phosphorus were highly 
correlated with cumulative feed totals. These results are not surprising. Cole and Boyd 
(1986) reported a strong correlation between feeding rates and ammonia concentration. With 
no sediment to bind to phosphorus, it is possible that nitrogen becomes the limiting nutrient 
to phytoplankton populations. Chlorophyll ~ levels were higher in 2003 than in 2004. We 
attribute this to higher concentrations of nutrients, especially unbound phosphorus, as well as 
higher air temperatures in 2003. 
There are no published data on sediment analysis in plastic-lined catfish culture 
ponds. Tucker (1985) reported a mean of 0.28% (range 0.18-0.44%) total nitrogen in 
sediments taken from earthen catfish culture ponds in Mississippi. For 2003, we show 
percent total nitrogen from the ponds stocked at a rate of 75,000 fish/ha at 4.01 % and from 
the ponds stocked at a rate of 112,000 fish/ha at 4.33%. For 2004, we found percent total 
nitrogen from the ponds stocked at a rate of 38,000 fish/ha at 3.11 % and from the ponds 
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stocked at a rate of 75,000 fish /ha at 4.05% Tucker (1985) also reports a mean of248 
mg/kg (range 150-377 mg/kg) of phosphorus from the same ponds. For 2003, we report a 
total phosphorus concentration in the ponds stocked with 75,000 fish/ha of 5,640 mg/kg and 
in the ponds stocked with 112,000 fish/ha of 11,820 mg/kg. For 2004, we report a total 
phosphorus concentration in the ponds stocked with 38,000 fish/ha of 6,518 mg/kg and in the 
ponds stocked with 75,000 fish/ha of 8,164 mg/kg. These values are substantially higher 
then the results reported by Tucker (1985). Since there is no actual sediment in the plastic-
lined ponds, we believe that the substance collected as sediment is actually a combination of 
concentrated decomposing wasted feed, senescent phytoplankton, dead fish and fecal matter 
that is extremely high in nutrients. Prediction of feed intake and optimum level of feeding are 
difficult, hence feed waste contributes a relatively large proportion of total waste output in 
most operations (Cho et al. 1994). 
Channel catfish cultured in 2004 had higher growth rates then fish cultured in 2003, 
even though air temperatures were cooler. There are several potential reasons for these 
improved growth rates. Fish in the 38,000 fish/ha treatment, the lowest stocking density, had 
the highest growth rates overall. The catfish in the 78,000 fish/ha treatment in 2004 had 
higher growth rates then fish stocked at the same rate in 2003. We believe one reason for 
this is that in 2004 the survival was 74% compared to 85% in 2003. If the majority of the 
mortalities occurred early in the culture season, the remaining fish had more chances to 
ingest feed and more room to grow. In their introduction, Mischke et al. (2003) stated that 
survival of channel catfish fry after being stocked into ponds is not well documented and cite 
a range of 55% to 80% from two sources. With the cooler conditions of 2004 and the lack of 
natural food present if these plastic-lined ponds are not fertilized (Rogge et al. 2003), it is 
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reasonable to assume that these young catfish did not obtain the necessary nutrients to 
survive after being stocked into these ponds. Although the fish in the 78,000 fish/ha 
treatment in 2004 had the second highest growth rates, they had the lowest NBI values; this 
treatment had the lowest survival percent. So even though these fish had the second highest 
growth rates out of four separate treatments, because of lower percent survival, they 
contributed the least based on biomass. 
In 2003, there was no difference in final mean lengths of catfish even though it 
seemed that fish in the lower stocking density were longer when randomly sampled through 
out the season. There was also no difference in mean weight at harvest in 2003. In 2004, 
there was a significant difference in final mean lengths of catfish. The fish in the 38,000 
fish/ha treatment were longer then the fish in the 75,000 fish/ha treatment. Fish from the 
lower stocking density were consistently longer when randomly sampled through out the 
season. Catfish in the 38,000 fish/ha treatment were also significantly heavier at harvest. 
These results show that the fish in the lesser stocked ponds had more room to grow and that 
this stocking rate is not beyond the carrying capacity of the ponds. 
Food conversion rates were similar in both culture seasons. In 2004, the catfish 
showed a slightly more efficient use of feed (1.14 and 1.16) then the fish in 2003 (1.20 and 
1.29). Fish in the higher stocking density treatments displayed the lower of the two ratios 
during both of the culture seasons. Compared to published studies performed with catfish of 
similar sizes, these results are similar to most published results. Cho and Lovell (2002), 
while using catfish with a mean starting weight of 16.7g reported food conversion rates that 
ranged from 1.30 to 1.33 for fish fed a 36% protein diet. The differences in the FCRs are 
related to differing digestible energy ratios in the two feeds. El-Saidy et al. (2000) presented 
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FCRs with a range of 1.4 - 2.2 for channel catfish fry with an average mean weight of 2.9g. 
These fish were fed one of seven diets, all of which contained over 50% dietary protein. For 
the most part, the highest mean weight gain corresponded to lower FCR. Lovell and Li 
(1992) reported an FCR of 1.38 for channel catfish weighing 20g at the start of the culture 
process; these fish were fed a diet consisting of 32% protein. The results of their study 
indicated that younger catfish have advantages over older catfish in regards to better feed 
efficiency. Although we show good feed efficiency in our cultured catfish, a consequence 
could be that the fish were not given enough feed. This could have allowed for better growth 
rates and larger fish, especially in 2004 where FCRs were particularly low. The reduced feed 
amounts could also be an effect of the lower temperatures experienced in 2004. 
Relative weights of channel catfish cultured in 2003 were higher than the relative 
weights of channel catfish cultured in 2004. More feed was added to the ponds in 2003 than 
in 2004 on an individual basis. Observed feeding activity tended to be higher in 2003 than in 
2004 because of warmer air temperatures obtained in 2003. For example, in August, which 
should be the height of the culture season based in climate, mean air temperature was 
approximately 6° C cooler in 2004 then in 2003. This could have resulted in less feed 
ingested per fish due to slower metabolism resulting in less aggressive feeding behavior. 
Also catfish in 2003 received a feed that had a substantially higher level of fat compared to 
the feed that was given to the catfish in 2004. There is still a debate as to how much internal 
body fat is needed in these cultured catfish. If too much fat is retained by the fingerlings, it 
can collect around the liver and cause deleterious affects. 
Two different protein concentrations were used in the finishing diets between the two 
culture seasons. There was not any difference in catfish production based on these different 
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percentages. We believe that the differences seen in growth and biomass were caused by 
unusually low air temperatures through out the season. Water temperatures were measured 
before sunrise and do not necessarily reflect the differences in temperatures. However actual 
physical observation of overall daily temperatures and feeding activity between the seasons 
leads us to believe that temperature played a major role in the outcome of the two culture 
seasons. 
Based on the results of the two channel catfish culture seasons, it appears that the 
optimal stocking density for growing channel catfish in plastic-lined production ponds in 
Iowa is somewhere between 38,000 and 75,000 fish/ha. Water chemistry parameters were 
significantly lower and fish growth rates were significantly higher in the lower of the two 
stocking densities. Sparrow (1996) reported no differences in water quality parameters or 
fish production in ponds stocked at rates of 24,700 and 37,050 fish/ha. The report implied 
that these stocking densities were below the carrying capacities of the ponds. This 
corresponds closely with the present study. 
The IDNR's goal of growing an 18-20 cm fish was not reached in either culture 
season. However, we believe that if climate conditions had been different and air 
temperatures would have been warmer to provide warmer water in the culture ponds, fish in 
the lower stocking density in 2004 would have reached the target size. 
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CHAPTER 3. EFFECTS OF DIETARY PROTEIN CONCENTRATION ON 
CHANNEL CATFISH GROWTH AND WATER QUALITY IN MIDWESTERN 
PLASTIC-LINED AND EARTHEN PONDS 
Len M. Kring, James B. Rudacille, and Joseph E. Morris 
Abstract 
Six 0.04-ha plastic-lined ponds at the Iowa Department of Natural Resources' (IDNR) 
Rathbun Fish Culture and Research Facility and six 0.08-ha earthen ponds at the Iowa State 
University Horticulture Station were used to compare effects of feeds containing different 
concentrations of dietary protein on channel catfish (Ictalurus punctatus) growth and water 
quality. Catfish were stocked into all 12 ponds on 16 June 2004 at a rate of 38,000 fish/ha. 
Both sets of ponds were randomly split into two treatments with three ponds at each site 
receiving a feed that contained 28% dietary protein and the other three ponds receiving a feed 
containing 36% dietary protein. Plastic-lined ponds that received the 28% protein feed 
exhibited significantly higher levels of total phosphorus and turbidity. Earthen ponds that 
received the 36% protein feed displayed significantly higher concentrations of ammonia and 
chlorophyll g. Ammonia and total phosphorus concentrations increased linearly as a function 
of cumulative feed in both treatments in the plastic-lined ponds. Ammonia and total 
phosphorus did not correlate with cumulative feed in either treatment in the earthen ponds. 
There were no significant differences in food conversion, percent survival, growth rates, 
normalized biomass increase (NBI), harvest length or weight between the two treatments in 
the plastic-lined ponds. However, fish fed the 36% protein diet had significantly higher 
relative weights (Wr) then fish fed the 28% protein diet. There were no significant 
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differences in food conversion, percent survival, growth rates, NBI or Wr between the two 
treatments in the earthen ponds. There was however a significant difference in harvest 
lengths and weights, with the fish fed the 36% protein feed being longer. Based on the 
results from the present study, it appears that 28% protein feeds may not be adequate to 
culture channel catfish fingerlings in Iowa, regardless of pond type. 
Introduction 
Feed is one of the most important factors in the culture of channel catfish (Jctalurus 
punctatus). The composition of commercial catfish feed can have impacts on growth, health 
and survival of catfish, overall water quality, and production costs. Feed cost, which is the 
major variable operating cost associated with the production of channel catfish, is primarily 
dictated by the cost of protein (Robinson and Li 1997). Protein is the most expensive dietary 
component in catfish feeds and a primary consideration in feed formulation (Brown and 
Robinson 1989). With state agencies operating under tight budgets, it is important to find 
ways to reduce operating costs without compromising quality of fish produced and stocked 
into public waters. 
There have been many studies that have investigated differences in channel catfish 
production based on feeds of varying dietary protein percent. Many of these studies (Li and 
Lovell 1992a; Robinson and Li 1999; Li et al. 2000; Robinson et al. 2000; Li et al. 2001; Li 
et al. 2003) concluded that well-balanced diets containing lower percentages of dietary 
protein do not affect growth of channel catfish. 
The majority of studies that report a higher mean weight gain in fish fed a diet with a 
lower percentage dietary protein fed fish to satiation. Those studies that reported a higher 
mean weight gain in fish fed a diet with a higher percentage dietary protein fed fish at less 
59 
then satiation, usually 3-5% body weight. However, two recent studies (Li et al. 2004; 
Robinson et al. 2004) suggest that feeding to just less than satiation may prove to be more 
beneficial in improving feed efficiency and water quality and also in eliminating waste of 
feed. 
In 2000 the Iowa Department of Natural Resources (IDNR) constructed ten 0.4-ha 
and six 0.04-ha plastic-lined ponds at the Rathbun Fish Hatchery and Fish Culture and 
Research Facility, respectively, Moravia, Iowa. These ponds are used to culture channel 
catfish, walleye and other game fish to be stocked into public fishing waters. Channel catfish 
are primarily cultured in the larger production ponds; however the smaller research ponds 
were used for this feed study. In spring 2004, construction of six 0.08-ha earthen ponds was 
completed at the Iowa State University Horticulture Station, Ames, Iowa. 
The objectives of this study were to: determine effects that feed of differing protein 
concentrations had on channel catfish production in both types of ponds and to determine the 
effect of pond type upon channel catfish production. 
Materials and Methods 
Study site description 
This study was conducted at the Rathbun Fish Culture and Research Facility, 
Moravia, Iowa, and the Iowa State University (ISU) Horticulture Station, Ames, Iowa. Six 
0.04-ha plastic-lined ponds (Rathbun) and six 0.08-ha earthen ponds (ISU) were used to 
compare the effects of dietary protein concentration and pond type on water quality 
parameters and overall fish production. The two dietary protein concentrations were 28% 
and 36%. Individual ponds were experimental units, and were randomly assigned a 
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treatment. The 0.04-ha plastic-lined ponds were filled with water form Lake Rathbun. The 
0.08-ha earthen ponds were filled with water from an 18-m well. The plastic-lined ponds 
were cleaned and filled 1-2 d prior to stocking. The earthen ponds were still being filled 
when fish were stocked. 
Stocking took place 16 June 2004 at both sites; fish were stocked at a rate of 38,000 
fish/ha. Fish used at both sites were obtained from the same source. Catfish were counted by 
hand as they were stocked into each pond. The average length of catfish stocked into all 12 
ponds was 4.62 cm and the average weight was 0.92g. 
Feeding 
Feeding rates and sizes of feed fed were based on recommendations from Morris 
(1993), and Tucker and Robinson (1996). To test for differences in fish production based on 
dietary protein percent, fish were fed to satiation once they began readily accepting the 
commercial diets (Brown and Robinson, 1989; Li and Lovell 1992a; Robinson and Li 1997; 
Robinson and Li 1999). 
At the beginning of the study all ponds were fed Nelson and Sons' (Murray, Utah) 
SilverCup™ Steelhead diet. This initial diet contained 45-48% protein. Once fish reached 
an average size of 6.4 cm, the diet was switched to SilverCup™ Extruded Catfish Feed at 
36% protein. All ponds were fed this diet until fish in all ponds readily accepted the 
commercial feed. Once fish were large enough to accept feed sizes in the 3.2 to 3.5 mm 
range, the diet consisting of 28% protein was introduced to the randomly chosen ponds. This 
feed was manufactured by Rangen Inc. (Buhl, ID). Upon changing feed size or type, a mix 
of the feeds was used for a 3-5 d transition period. 
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Fish were fed twice daily (9:00 a.m. and 3:00 p.m.) Monday through Friday and once 
a day (9:00 a.m.) on weekends. A base daily ration of feed was split between the two feeding 
times and half ofthis ration was fed on the weekends. To achieve a state of satiation, fish 
were allowed 15 min to consume a majority of the base feed amount. lfit appeared that the 
fish could eat more then the base amount, more feed was offered until the end of the 15 min 
period. Feeding started 2 dafter the fish were stocked into the ponds. 
Feeding rings were placed into the earthen ponds on 31 August 2004 and into the 
plastic-lined ponds on 3 September 2004 in order to keep the feed within reach of the fish 
during periods of high wind. These rings were made from 3.81 cm black water tubing and 
were formed into a circle with a 1.5-m diameter. 
Sampling methods 
Water analysis began 17 June 2004. Original samples were collected on 16 June 
2004, prior to fish being stocked. These samples were kept chilled over night and analyzed 
to obtain a baseline report of water quality. Twice a week (Monday and Thursday) water 
sampling began 21June2004. All water samples were obtained using a tube sampler in 
order to collect a representative sample of the entire water column. 
Water chemistry was performed with a Hach DR/2010 spectrophotometer (Hach, 
Loveland, Colorado). Parameters analyzed twice a week include total ammonia-nitrogen 
(NH3-N), nitrite-nitrogen (N02--N), total nitrogen (TN), and total phosphorus (TP). Nitrate-
nitrogen (N03--N) was measured once a week. Alkalinity and hardness were analyzed bi-
weekly. 
Parameters measured at pond-side included dissolved oxygen (DO), pH, temperature, 
and Secchi disk readings. Secchi readings were recorded twice a week (Monday and 
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Thursday). A YSI model 556 MPS meter (Yellow Springs, Ohio) was used to obtain 
dissolved oxygen, pH and temperature readings twice a week (Monday and Thursday) in the 
6 plastic-lined ponds. Dissolved oxygen was measured in the earthen ponds with a YSI 
model 57 dissolved oxygen meter. Temperature and pH were measured with a YSI model 60 
pH meter. Standard buffers were used bi-weekly to calibrate the ph probe of the meter. 
Dissolved oxygen, pH and temperature were measured from the bottom, mid-depth and top 
of each pond. These variables were measured prior to sunrise, to ensure that the lowest 
possible dissolved oxygen concentration could be recorded. 
Water samples for chlorophyll~ extraction were collected once a week. Samples, 
ranging in size from 25-ml to 300-ml, were filtered through 47mm glass Microfibre filters 
using a vacuum pump (Bamant Company, Barrington, Illinois). The filters were frozen and 
stored in darkness until analysis. Chlorophyll~ levels were analyzed according to procedures 
reported by APHA (1998). Samples of feed were taken from every new lot of feed and when 
feed size or composition was changed. Sediment samples were collected from the ponds 
bottom immediately after harvest. Sediment and feed samples were analyzed by Minnesota 
Valley Testing Laboratories Inc. (New Ulm, MN). 
Collection of fish samples began on 30 June 2004 for the six earthen ponds and on 7 
July 2004 for the six plastic-lined ponds. Sampling occurred on a bi-weekly rotation for each 
location until culture season was complete. Fish samples were obtained with the use of a cast 
net (Memphis Net and Twine, Memphis, Tennessee). The net was thrown multiple times 
into each pond. Lengths and weights were taken from a maximum of 10 fish per pond. 
Averages of the measurements were used to adjust the base feeding rate based on 
recommendations stated above. 
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The six plastic-lined ponds were harvested on 18 October 2004; ponds were drained 
and fish were collected in the catch basin located at the deep end of each pond. All fish were 
counted by hand to get an estimate of survival. Lengths and weights were obtained from a 
random sample of 100 fish from each pond. Harvesting of the six earthen ponds began on 19 
October 2004 and ended 21 October 2004. Ponds were drained and fish were collected with 
the use of a 36.5 m seine. Fish were measured and counted similar to the way the fish from 
the plastic-lined ponds were. Normalized biomass increase was determined to take into 
account the differences in survival. Normalized biomass increase (NBI) was first introduced 
by Conklin et al. (1975). It is described as biomass, as a function of survivability and wet 
weight gain increase over time, used to illustrate differences in growth response. This 
biomass index can reflect the influence of experimental variables as well as predict yield. 
Relative weight was calculated to indicate robustness of the cultured channel catfish. The 
relative weight index (Wr), used as an index for fish body condition, was first introduced by 
Wege and Anderson (1978) for largemouth bass (Micropterus salmoides). Since then, it has 
been developed for many other fish species, including channel catfish (Brown et al. 1995). 
The relative weights are based on a scale of 100, in which a value of 100 indicates good fish 
health; scores below and above his level reflect respectively either fish being thin or plump. 
Data Analysis 
Treatment differences were analyzed using SAS 9.0 software (SAS Institute, Cary, 
North Carolina) to determine significant differences in water quality variables as well as fish 
production parameters. Overall differences in water quality variables between treatments 
were analyzed via repeated measures designs, and differences in fish production parameters 
between treatments were analyzed with at-test. Significance was set at P :S 0.10 
Water Chemistry 
Rathbun 
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Results 
Ponds in the 28% protein feed treatment exhibited higher amounts of nitrogenous 
compounds and total phosphorus as well as a higher turbidity and lower secchi depth 
readings (Table 3 .1 ). There were overall significant differences in total phosphorus, turbidity 
and secchi depths. Although not significant, there was a large difference in chlorophyll £! 
concentrations, with the ponds receiving the 28% protein diet having the larger amounts. 
Ponds in both treatments had sufficient levels of dissolved oxygen throughout the culture 
season, 2: 5 mg/I (Tucker and Boyd 1985). Ammonia and total phosphorus increased 
significantly linearly as a function of feed added to the ponds in both treatments. R-squared 
values for ammonia regressed against cumulative feed were 0.84 for ponds applied the 28% 
protein diet and 0.91 for ponds applied the 36% protein diet. R-squared values for total 
phosphorus regressed against cumulative feed were 0.71 for ponds applied the 28% protein 
feed and 0.65 for ponds applied the 36% protein feed. Air temperature and precipitation data 
were also obtained for the culture period (Figure 3 .1 ). There were few rainfall events so the 
culture season was relatively dry. Air temperatures were consistently low and could have 
hampered fish growth. Historical average air temperatures for the Rathbun Fish Culture and 
Research Facility are 30°, 29° and 24° C respectively for the months of July, August and 
September. (www.weather.com visited 26 February 2005). The average air temperatures 
obtained for the 2004 culture season were 27° (July), 25.5° (August) and 26° (September). 
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Table 3 .1. Means ± SEs (range) of water quality parameters in 0.04ha plastic-lined research 
ponds stocked with channel catfish at 38,000 fish/ha and fed either a diet containing 
28% or 36% dietary protein during the 2004 channel catfish fingerling culture period 
at Rathbun Fish Culture and Research Facility, Moravia, Iowa. Dissolved oxygen, 
Temperature and pH readings were obtained prior to sunrise. 
Treatment 
Parameter 28% 36% 
Dissolved Oxygen (mg/L) 
Bottom 8.29 ± 0.253 8.16 ± 0.217 
(0.12-12.65) (0.40-12.50) 
Middle 8.72 ± 0.204 8.54 ± 0.179 
(4.84-12.99) (4.32-12.91) 
Top 8.74 ± 0.204 8.57 ± 0.180 
(4.85-13.20) ( 4.29-12.98) 
Temperature (°C) 
Bottom 23.01 ± 0.327 22.73 ± 0.346 
(14.59-29.09) (12.80-28.75) 
Middle 23.10 ± 0.334 22.81 ± 0.350 
(14.67-29.11) (12.85-28.87) 
Top 23.12 ± 0.331 22.81 ± 0.349 
(14.99-29.05) (13.04-28.85) 
pH 
Bottom 8.61 (6.86-9.08) 8.55 (7.72-9.01) 
Middle 8.65 (6.81-9.08) 8.58 (7.71-9.04) 
Top 8.66 (6.88-9.13) 8.61 (7.82-9.07) 
Secchi disk (m) 0.63 ± 0.033 0.75 ± 0.046 
(0.20-1.40) (0.20-1.80) 
Turbidity 9.73 ± 0.466 7.72 ± 0.401 
(3.57-25.50) (1.58-19.50) 
Ammonia (NH3-N; mg/L) 0.27 ± 0.013 0.24 ± 0.012 
(0.0-0.53) (0.01-0.63) 
Nitrite (N02-N; mg/L) 0.015 ± 0.0006 0.013 ±0.0007 
(0.004-0.031) (0.004-0.035) 
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Table 3.1. (continued) 
Treatment 
Parameter 28% 36% 
Nitrate (N03-N; mg/L) 0.51 ± 0.037 
(0.20-1.20) 
Total Phosphorus (mg/L) 0.14 ± 0.012 
(0.0-0.82) 
Alkalinity (CaC03; mg/L) 84.30 ± 1.89 
( 60.0-108.0) 
Hardness (CaC03; mg/L) 112.93 ± 3.43 
(88.0-154.0) 
Chlorophyll~ (mg/m3) 64.39 ± 17.42 
(0.534-617.30) 
0.42 ± 0.036 
(0.10-1.30) 
0.108 ± 0.007 
(0.0-0.47) 
82.53 ± 2.45 
(60.0-109.0) 
107.52 ± 4.12 
(47.0-149.0) 
38.80 ± 6.03 
(1.07-145.78) 
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Figure 3.1. Precipitation and temperature during the 2004 channel catfish culture season at 
the Rathbun Fish Culture and Research Facility, Moravia, Iowa. Data are compiled 
from the day the ponds were stocked (16 June 2004) to when the ponds were 
harvested (18 October 2004). Data obtained from http://cdo.ncdc.noaa.gov/dly/DLY, 
visited 11 January 2005. 
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ISU 
Ponds in the 36% protein feed treatment showed higher concentrations of nitrogenous 
compounds, chlorophyll~ and higher turbidity (Table 3.2). There were overall significant 
differences in ammonia, chlorophyll ~ and turbidity between the treatments. Ponds in both 
treatments maintained sufficient levels of dissolved oxygen through out the culture period, 
2: 5 mg/l (Tucker and Boyd 1985). In contrast to the plastic-lined ponds, ammonia and total 
phosphorus did not increase linearly as a function of feed added to the ponds in both 
treatments. R-squared values for ammonia regressed against cumulative feed were 0.11 for 
ponds applied the 28% protein feed and 0.29 for ponds applied the 36% protein feed. R-
squared values for total phosphorus regressed against cumulative feed were 0.3 for ponds 
applied the 28% protein feed and 0.49 for ponds applied the 36% protein feed. These newly 
constructed ponds were not completely sealed and substantial seepage occurred during the 
culture season. We added a total volume of 13,676,848 L of water across the ponds to 
maintain pond depths and in doing so, added large amounts of ammonia ( 1.41 mg/l) and 
phosphorus (0.26 mg/l). This is the reason why the regression plot of ammonia and total 
phosphorus against cumulative feed was not significant. Table 3.3 shows that the added 
ammonia and phosphorus had a greater effect on water quality then feed did. Air temperature 
and precipitation data were also obtained for the culture period (Figure 3.2). There were few 
rainfall events so the culture season was relatively dry. Air temperatures were consistently 
low and could have hampered fish growth. Historical average air temperatures for the ISU 
Horticulture Station are 29°, 28° and 24° C respectively for July, August and September 
(www.weather.com visted 26 February 2005). Temperatures obtained for the 2004 season 
were 27° (July), 25° (August) and 26° (September). 
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Table 3.2. Means± SEs (range) of water quality parameters in 0.08-ha earthen research 
ponds stocked with channel catfish at 38,000 fish/ha and fed either a diet containing 
28% or 36% dietary protein during the 2004 channel catfish fingerling culture period 
at the Iowa State University Horticulture Station, Ames, Iowa. Dissolved oxygen, 
temperature and pH readings were obtained prior to sunrise. 
Treatment 
Parameter 28% 36% 
Dissolved Oxygen (mg/L) 
Bottom 9.09 ± 0.231 9.04 ± 0.258 
(5.40-15.80) (4.80-16.80) 
Middle 9.13 ± 0.242 9.15 ± 0.244 
(5.70-15.60) (5.70-15.80) 
Top 9.11±0.223 9.28 ± 0.239 
(5.60-15.30) (5.60-15.40) 
Temperature (°C) 21.45 ± 0.353 21.15 ± 0.348 
(13.80-29.10) (13.60-28.80) 
pH 8.40 (7.93-8.92) 8.45 (7.19-9.06) 
Turbidity 11.33 ± 0.576 13.52 ± 0.652 
(2.94-31.50) (2.94-40.20) 
Ammonia (NH3-N; mg/L) 0.20 ± 0.010 0.23 ± 0.010 
(0.04-0.72) (0.02-0.51) 
Nitrite (N02-N; mg/L) 0.013 ± 0.0006 0.014 ± 0.0005 
(0.004-0.043) (0.005-0.035) 
Nitrate (N03-N; mg/L) 0.34 ± 0.015 0.37 ± 0.022 
(0.10-0.70) (0.10-0.90) 
Total Phosphorus (mg/L) 0.12 ± 0.009 0.12 ± 0.006 
(0.02-0.82) (0.0-0.35) 
Alkalinity (CaC03; mg/L) 297.53 ± 3.63 285.77 ± 3.84 
(262.0-339.0) (240.0-320.0) 
Hardness (CaC03; mg/L) 257.11±3.71 249.85 ± 4.23 
Chlorophyll~ (mg/m3) 
(223.0-294.0) (200.0-293.0) 
20.21±2.20 30.41±4.04 
(0.53-80.63) (1.07-124.42) 
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Table 3.3. F-statistics and p-values of variables affecting ammonia and total phosphorus 
concentrations in the earthen ponds. Variables significant at P :S 0.1. 
Ammonia 
Effect F-statistic P-value 
Feed 2.00 0.2002 
Total water added (L) 1.83 0.2182 
Average water added (L) 0.88 0.3782 
Average ammonia added (mg/l) 3.11 0.1211 
Total Phosphorus 
Effect F-statistic P-value 
Feed 0.67 0.4388 
Total water added (L) 7.68 0.0276 
Average water added (L) 0.41 0.5407 
Average .12hos.12horus added (mg/l) 4.34 0.0757 
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Figure 3.2. Precipitation and temperature during the 2004 channel catfish culture season at 
the Iowa State University Horticulture Station, Ames, Iowa. Data are compiled from 
the day the ponds were stocked (16 June 2004) to when the last pond was harvested 
(21 October 2004). Data obtained from http://cdo.ncdc.noaa.gov/dly/DLY, visited 11 
January 2005. 
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Sediment 
Rathbun 
Samples of sediment were collected immediately after catfish were harvested from 
the ponds. There were no significant differences between treatments in nutrient 
concentration of the samples. However, the 28% protein feed treatment had increased 
amounts of phosphorus and total nitrogen and lower amounts of ammonia (Table 3.4). 
Table 3.4. Mean nutrient values found in pond sediments following harvest of channel 
catfish research ponds that were cultured under two different regimes during the 2004 
channel catfish fingerling culture season at the Rathbun Fish Culture and Research 
Facility, Moravia, Iowa. 
Treatment Phosphorus Total Nitrogen Ammonia 
(mg/kg P) (%) (mg/kgN) 
5,286.67 3.01 1,303.33 
28% (454.10) (0.559) (170.33) 
4,866.67 2.84 1,323.33 
36% (384.42) (0.331) (118.65) 
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Collection of sediments commenced immediately after fish were harvested from the 
ponds. Ponds in the 28% protein feed treatment exhibited higher concentrations of 
phosphorus, total nitrogen and ammonia; however there were no overall significant 
differences between the treatments (Table 3.5). Compared to the sediment samples from the 
plastic-lined ponds, these ponds had substantially less nutrients. 
Table 3.5. Mean nutrient values found in pond sediments following harvest of channel 
catfish research ponds that were cultured under two different regimes during the 2004 
channel catfish fingerling culture season at the Iowa State University Horticulture 
Station, Ames, Iowa. 
Treatment Phosphorus Total Nitrogen Ammonia 
(mg/kg P) (%) (mg/kgN) 
777.33 0.17 93.57 
28% (89.14) (0.027) (24.14) 
702.67 0.14 61.57 
36% (115.68) (0.054) (15.69) 
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Feed 
The same commercial feed was used to feed catfish in both sets of ponds. Silver Cup 
3.5 was the 36% protein feed used as one treatment and Rangen 3.2 was the 28% feed used 
as the other treatment. As can be seen in Table 3.6, protein percentages can be quite different 
from what the manufacturers report. The other feeds shown are feeds that were used until 
fish were at the size where they could ingest the test diets. 
Table 3.6. Composition of commercial feeds used in the culture of channel catfish in plastic-
lined and earthen research ponds at the Rathbun Fish Culture and Research Facility, 
Moravia, Iowa and the Iowa State University Horticulture Station, Ames, IA, 
respectively, during the 2004 channel catfish fingerling culture period. 
Feed Manufacturer Protein Fat Phosphorus Kjeldahl Ammonia 
Protein(%) (%) (%) (%) Nitrogen(%) (mg/kgN) 
Silver Cup #2 48 53.71 18.80 1.54 8.44 1830 
Silver Cup #3 45 51.09 19.68 1.47 7.82 1190 
Silver Cup 1.5 35 39.02 11.08 1.19 6.16 988 
Silver Cup 2.5 35 41.50 10.42 1.33 6.57 1170 
Silver Cup 3.5 35 39.43 12.22 1.15 6.24 1490 
Rangen 3.2 28 31.36 8.87 1.20 4.94 1260 
Channel Catfish Production 
Rathbun 
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There were overall significant differences in relative weights, but not in food 
conversion, percent survival, NBI or growth between the treatments. Catfish fed the 36% 
protein feed showed slightly higher growth rates and normalized biomass, as well as 
significantly higher relative weights (Table 3.7). Random sampling through out the culture 
season showed that fish in both treatments were evenly sized (Figure 3.3). There were no 
significant differences in lengths of fish at harvest (Figure 3.4); however fish fed the 36% 
protein were slightly longer. The high relative weights indicate that the fish were plump. The 
28% protein feed contained substantially lower fat levels and could have contributed to the 
significantly lower relative weights. 
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Table 3.7. Mean (±SE) food conversion, survival, days cultured, absolute growth, specific· 
growth and normalized biomass index (NBI) of channel catfish cultured in plastic-
lined research ponds and fed either a diet containing 28% or 36% dietary protein 
during the 2004 channel catfish fingerling culture season at the Rathbun Fish Culture 
and Research Facility, Moravia, Iowa. Catfish were cultured for a period of 123 days. 
Parameters marked with an asterisk (*) are significantly different, P<0.10 
Treatment Food Conversion Survival W/ 
(kg feed/kg fish) (%) 
1.38 65.4 111.43 
28% (0.030) (2.05) (1.09) 
1.33 66.6 114.29 
36% (0.087) (1.55) (0.54) 
Treatment Absolute Growth Specific Growth NBI 
(grams/day) (%/day) 
0.316 3.07 25.15 
28% (0.009) (0.022) (0.941) 
0.335 3.11 27.05 
36% (0.034) (0.084) (2.17) 
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Figure 3.3. Mean and standard errors oflengths of channel catfish, fed a diet containing 
28% or 36% dietary protein in plastic-lined ponds, sampled randomly prior to harvest, 
through out the 2004 fingerling culture season at the Rathbun Fish Culture and 
Research Facility, Moravia, Iowa. 
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Figure 3.4. Means and standard errors of harvest lengths of channel catfish fed a diet 
containing 28% or 36% dietary protein in plastic-lined ponds during the 2004 
fingerling culture season at the Rathbun Fish Culture and Research Facility, Moravia, 
Iowa. 
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There were no overall significant differences in food conversion, percent survival or 
growth rates between the treatments. Catfish fed the 36% protein feed showed slightly 
higher growth rates, NBI, and relative weights (Table 3.8). Random sampling through out the 
culture season showed that fish in both treatments were evenly sized (Figure 3.5). However, 
there were significant differences in lengths of fish at harvest (Figure 3.6); fish fed the 36% 
protein were longer. The relative weights are based on a scale of 100, in which a value of 
100 indicates good fish health; scores below and above his level reflect respectively either 
fish being thin or plump. In this case, the high relative weights indicate that the fish were 
plump. The 28% protein feed contained less fat and that could have contributed to the lower 
relative weights in that treatment. 
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Table 3.8. Mean (±SE) food conversion, survival, days cultured, absolute growth, specific 
growth and normalized biomass index (NBI) of channel catfish cultured in earthen 
research ponds and fed either a diet containing 28% or 36% dietary protein during the 
2004 channel catfish fingerling culture season at the Iowa State University 
Horticulture Station, Ames, Iowa. Catfish were cultured for a period of 124 d. 
Treatment Food Conversion Survival Wr 
(kg feed/kg fish) (%) 
1.33 84.8 112.08 
28% (0.101) (4.12) (0.62) 
1.21 86.0 113.59 
36% (0.146) (3.64) (3.50) 
Treatment Absolute Growth Specific Growth NBI 
(grams/day) (%/day) 
0.200 2.69 20.98 
28% (0.013) (0.050) (2.30) 
0.236 2.80 25.04 
36% (0.029) (0.104) (3.51) 
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Figure 3.5. Mean and standard errors oflengths of channel catfish, fed a diet containing 28% 
or 36% dietary protein in earthen ponds, sampled randomly prior to harvest, through 
out the 2004 fingerling culture season at the Iowa State University Horticulture 
Station, Ames, Iowa. 
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Figure 3.6. Means and standard errors of harvest lengths of channel catfish fed a diet 
containing 28% or 36% dietary protein in earthen ponds during the 2004 fingerling 
culture season at the Iowa State University Horticulture Station, Ames, Iowa. 
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Discussion 
Channel catfish have been cultured in earthen ponds extensively since Swingle (1956) 
first suggested catfish as a possible species for aquaculture. However, there is limited 
information on the culture of channel catfish in plastic-lined ponds (Bonneau et al. 1972; 
Sparrow 1996). There is no information on channel catfish from the same strain and year 
class cultured simultaneously in plastic-lined and earthen ponds under the same culture 
regime. Although the two sets of ponds were not at the same location, general conclusions 
can be made about the culture of channel catfish in these two different systems in the 
Midwest. 
There were no significant differences in nitrogenous compounds in the plastic-lined 
ponds; although ponds in the 28% protein feed treatment had increased amounts of these 
compounds. There were overall significant differences in total phosphorus between the 
treatments, with the ponds in the 28% protein feed treatment exhibiting the higher levels. The 
situation in the earthen ponds was almost the exact opposite. There were overall significant 
differences in ammonia concentrations between treatments in the earthen ponds, with the 
ponds in the 36% protein feed treatment having higher concentrations. There were no 
significant differences in total phosphorus between the treatments in the earthen ponds. 
However, there were overall differences in chlorophyll£!: concentrations between the 
treatments, with the ponds in the 36% protein feed treatment having higher concentrations. 
The ultimate source of nearly all the ammonia in catfish ponds is the protein in feed 
(Hargreaves and Tucker 1999). Feed is the major source of phosphorus to channel catfish 
ponds (Boyd, 1985). Regressions of ammonia and total phosphorus against cumulative feed 
in both treatments in the plastic-lined ponds showed that there was strong relationship 
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between ammonia and total phosphorus with feed fed. Cole and Boyd (1986) reported a 
strong correlation between feeding rates and ammonia concentration. However, this was not 
the case in the earthen ponds. These ponds were new and this was the first season of use for 
them. The ponds were not completely sealed and seepage occurred through the culture 
season. Because of this, well water was pumped into the ponds through out the season. The 
water from the well was tested prior to ponds being filled. Ammonia level was 0.165 mg/L 
and total phosphorus level was 0.07 mg/L. After seeing spikes in the concentrations of these 
nutrients in mid-August in ponds that had recently received supplemental water, tests on the 
well water re-commenced. Ammonia concentrations had increased from 1.04 to 1.66 mg/L 
from 26 August 2004 to 7 October 2004. Total phosphorus concentrations had increased 
from 0.17 to 0.53 mg/L from 26 August 2004 to 7 October 2004. Upon analysis of the 
effects of the added nutrients, added total phosphorus was significant (P = 0.08) and added 
ammonia was only marginally significant (P = 0.12). Even with these added nutrients, 
ammonia and total phosphorus concentration were lower then that of the plastic-lined ponds. 
We believe that if large amounts of supplemental water had not been needed in the earthen 
ponds that nutrient levels would have been substantially lower than what was present. 
It is expected that fish feeds with higher protein percents will have higher percentages 
of phosphorus. However, as can be seen in table 3.6, the 28% feed had a higher percentage 
phosphorus then the 36% protein feed. This explains why we saw a higher concentration of 
total phosphorus in the plastic-lined ponds given the 28% protein diet compared to the ponds 
given the 36% protein diet. We believe that a similar situation would have occurred had 
there not been extenuating circumstances that affected the water quality in the earthen ponds. 
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There are no published data on sediment analysis in plastic-lined catfish culture 
ponds. Tucker (1985) providess a mean of 0.28% (range 0.18-0.44%) total nitrogen in 
sediments taken from earthen catfish culture ponds in Mississippi. For the plastic-lined 
ponds, we report a mean total nitrogen percent of 3.01 % from the ponds applied the 28% 
protein feed and 2.84% from the ponds applied the 36% protein feed. For the earthen ponds, 
we show a mean total nitrogen percent of 0.17% from the ponds applied the 28% protein feed 
and 0.14% from the ponds applied the 36% protein feed. Tucker (1985) also reports a mean 
of 248 mg/kg (range 150-3 77 mg/kg) of phosphorus from the same ponds. For the plastic-
lined ponds, we give a mean total phosphorus concentration of 5,286 mg/kg from the ponds 
applied the 28% protein feed and 4,866 mg/kg from the ponds applied the 36% protein feed. 
For the earthen ponds, we present a mean total phosphorus concentration of 777.33 mg/kg 
from the ponds applied the 28% protein feed and 702.67 mg/kg from the ponds applied the 
36% protein feed. Total nitrogen percent in the earthen ponds is similar to the results 
reported by Tucker (1985). Percent total nitrogen in the plastic-lined ponds was much 
higher. Total phosphorus concentration in the earthen ponds was over twice as high as the 
results reported by Tucker (1985); we believe this was caused by the extra phosphorus added 
with the large amounts of water needed to maintain sufficient pond levels. The total 
phosphorus concentrations were immensely larger in the plastic-lined ponds. Since there is 
no actual sediment in the plastic-lined ponds, it is believed that the substance collected as 
sediment is a combination of concentrated decomposed feed, dead fish and fecal matter 
containing high levels of nutrients. Prediction of feed intake and optimum level of feeding 
are difficult, hence feed waste contributes a relatively large proportion of total waste output 
in most operations (Cho et al. 1994). 
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Hargreaves (1997) formulated a simulation model on ammonia dynamics in channel 
catfish ponds in the southeastern United States. The first conclusion from this model 
suggests that sediment diffusion accounts for 25-33% of total ammonia production in a 
simulated commercial catfish pond. Since the plastic-lined ponds are flushed clean between 
uses, there is little to no sediment residue left to influence present culture seasons. With this 
in mind it is reasonable to assume that basically all the ammonia in the plastic-lined ponds 
comes from feed added and the associated fish waste. Besides feed, sediment diffusion 
represents the other principal source of ammonia (Hargreaves 1998; Hargreaves and Tucker 
2003). 
The second and third conclusions in the model developed by Hargreaves (1997) are 
directly related. The second conclusion states that phytoplankton uptake rates exceed 
nitrification during the growing season and nitrification rates exceed phytoplankton uptake 
from late fall to early spring. The third conclusion suggests that nitrification is controlled by 
an interaction between temperature and ammonia concentration. The third conclusion is 
basically a modification of the second. Channel catfish are grown no longer then 4 months 
(mid-June to mid-October) in the IDNR's plastic-lined ponds. Based on the conclusions of 
Hargreaves (1997), it would appear that the primary loss of ammonia occurs via 
phytoplankton uptake for most of the culture season. Based on temperatures presented in 
Table 3.5, nitrification may have a larger affect on ammonia over the final month of culture 
in the plastic-lined ponds. Phytoplankton uptake was a more important removal mechanism 
than nitrification during the growing season when phytoplankton abundance was 
correspondingly maximum, whereas nitrification was a more important removal mechanism 
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during fall, winter and spring, albeit at a lower overall rate than in summer (Hargreaves 
1997). 
Hargreaves (1998) reported that the losses by ammonia volatilization are minor, 
whereas Gross et al. (2000) reported that ammonia volatilization is a significant factor in the 
nitrogen dynamics of ponds. It is unknown at this time if ammonia volatilization is a major 
ammonia sink in plastic-lined ponds. 
When compared to the results of Li and Lovell (1992b), the model of Hargreaves 
( 1997) adequate I y simulated the effects of feeding rate and feed protein concentration on 
ammonia concentration. We did not see such a smooth trend when comparing different 
protein levels in the plastic-lined ponds. The 28% protein diet yielded higher levels of 
ammonia then the 36% protein diet. However the earthen ponds did yield results similar to 
Li and Lovell (1992b) with the higher protein treatment having higher ammonia levels. 
The last conclusion in the ammonia simulation model proposed by Hargreaves (1997) 
states the following: ammonia concentration was sensitive to changes in the specific uptake 
rate of phytoplankton, suggesting that management of ammonia concentration may be 
accomplished by maximizing phytoplankton growth rate and nutrient uptake. With the lack 
of sediments to adsorb free phosphorus in plastic-lined ponds, ammonia nitrogen becomes 
the limiting factor to primary production. There is a possibility that ammonia concentrations 
can be controlled by allowing the occurrence of dense algae blooms. However, before this 
can be applied, some sort of aeration system will need to be installed. There is a good chance 
that dissolved oxygen concentrations could become diminished due to excessive 
phytoplankton. Thus, it seems that ammonia dynamics in plastic-lined catfish ponds can be 
simplified to one major source and one major sink; feed being responsible for almost all of 
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the ammonia added to the ponds and uptake by phytoplankton being responsible for most of 
the ammonia removed, with nitrification having a smaller role in ammonia removal. 
There were no significant differences in fish production in catfish grown in the 
plastic-lined ponds; however fish fed the 36% protein diet had slightly higher growth rates. 
There were also no differences in mean harvest lengths or weights between the two 
treatments. Robinson et al. (2004) indicated that a 28% protein diet provides the same level 
of channel catfish production as a 40% protein diet even when feeding was restricted. 
Jackson et al. (2003) reported that either a 28% or 32% protein diet can be fed to channel 
catfish whether they are fed to satiation or fed a restricted ration with no detrimental effects 
on growth. In the earthen ponds, no significant differences were seen in growth rates between 
treatments; however again fish fed the 36% protein diet had slightly greater growth. 
Surprisingly, there was a significant difference in harvest lengths and weights between the 
treatments, with the fish fed 36% protein being longer and heavier in the earthen ponds. 
Many studies on dietary protein levels seem to agree that dietary protein does not 
affect food conversion ratio (FCR) (Brown and Robinson, 1989; Robinson and Li, 1999; 
Robinson et al. 2000; Li et al. 2001; Li et al. 2003). There were no significant differences in 
food conversion between the treatments in either set of ponds. Food conversion ratios were 
similar for all ponds and were quite satisfactory considering that fish were fed to apparent 
satiation for most of the culture season. We report FCRs of 1.38 (28%) and 1.33 (36%) for 
the plastic-lined ponds and FCRs of 1.33 (28%) and 1.21 (36%) for the earthen ponds. 
Robinson and Li (1997) presented a FCR of 1.35 for catfish fingerlings with an initial weight 
of 27g fed a 28% protein diet. These results are similar to what we report. Robinson and Li 
(1997) also gave a FCR of 1.30 for same size fish fed a diet containing 32% protein which is 
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similar to what we found from catfish fed a 36% protein diet. Robinson et al. (2004) found 
differences in FCRs based on feeding regimes. Catfish fed to satiation exhibited a higher 
FCR then fish fed at a restricted rate. That study also showed a contradiction to many other 
studies including this one that as protein percent increased so did the FCR, no matter whether 
the fish were satiated or not. 
Although there were no significant differences in mean harvest lengths and weights 
between treatments of channel catfish cultured in the plastic-lined ponds, there was a 
significant difference in relative weight (Wr). The catfish fed the 36% protein diet were more 
robust then the catfish fed the 28% protein diet. The complete opposite was seen in the 
earthen ponds. There was no difference in Wr between the treatments; however fish fed the 
36% protein diet were significantly longer and heavier at harvest then the fish fed the 28% 
protein diet, even though there was no discreet evidence of this seen during randomly 
sampling of the fish during the culture season. The relative weights were similar for both 
locations and all were over 100 exemplifying that all fish were robust. It appears that 
regardless of final lengths and weights or relative weight values, that a diet containing 36% 
protein is superior to a diet containing 28% protein when culturing channel catfish 
fingerlings in Iowa. 
Catfish in the plastic-lined ponds had higher growth rates and longer average lengths 
at harvest then fish raised in the earthen ponds. However, catfish in the earthen ponds had a 
much higher percent survival then catfish in the plastic-lined ponds. There are a couple of 
reasons why catfish in the plastic-lined ponds exhibited higher growth rates. First and 
probably most important was the fact that the catfish in the plastic-lined ponds accepted the 
commercial diets sooner then the catfish in the earthen ponds did. Bonneau et al. (1972) 
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reported that catfish accepted supplemental feed when lack of natural food would limit 
growth. In plastic-lined ponds that are filled immediately before ponds are stocked, there is a 
limited natural food supply. Rogge et al. (2003) indicated a need to fertilize these same 
plastic-lined ponds to provide a food source for fingerling walleye, thus further exemplifying 
the point that if young catfish do not readily accept commercial feed being offered, the 
chance of survival is low. Catfish in the earthen ponds had an ample supply of chironomid 
larvae to feed on as was witnessed by dissecting a few stomach samples early in the culture 
season. It is also believed that the lower percent survival in the plastic-lined ponds could 
have resulted from a lack of food at the onset of the culture season. The second reason that 
could have contributed to lower growth in the catfish cultured in the earthen ponds is location 
and subsequent differences in water temperature. The earthen ponds are located 
approximately 193 km north of the plastic-lined ponds. Boyd and Tucker (1998) reported the 
optimum range for culturing channel catfish as 25-30° C. Both sets of ponds had mean water 
temperatures below this range, with the earthen ponds averaging 2° C less then the plastic-
lined ponds. 
Feed cost, which is the major variable operating cost associated with the production 
of channel catfish, is primarily dictated by the cost of protein (Robinson and Li, 1997). 
Protein is the most expensive dietary component in catfish feeds and a primary consideration 
in feed formulation (Brown and Robinson, 1989). With cutbacks in state agency budgets, it 
is necessary to find ways to cut costs and still produce quality sport fish for the angling 
public. However, based on the results of the present study, it appears that 28% protein feed 
may not be sufficient to culture channel catfish in plastic-lined ponds in Iowa. More research 
will be needed to determine which type of pond is best suited for the culture of these fish. 
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Preliminary results show that catfish growth is higher in plastic-lined ponds then in earthen 
ponds; however survival was lower. The initial start-up costs of plastic-lined ponds will need 
to be taken into account and compared with production parameters when new facilities are 
constructed. 
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CHAPTER 4. GENERAL CONCLUSIONS 
General Discussion 
Plastic-Lined Production Ponds 
Channel catfish culture has been investigated rigorously since Swingle (1956) first 
listed channel catfish as a possible species for aquaculture. The majority of studies published 
have been conducted in earthen ponds in the Southeastern United States, to benefit the 
commercial catfish industry. There are only two published studies on the culture of channel 
catfish in plastic-line ponds (Bonneau et al. 1972; Sparrow 1996). There are other studies 
that deal with fish culture in plastic-lined ponds; however they deal with fertilization regimes 
or other fish species (Ismail and O'Flaherty 1989; Jahn and O'Flaherty 1989; Barkoh 1996; 
Buurma et al. 1996; Rogge et al. 2002; Kaatz 2003; Rogge et al. 2003). This study was 
intended to determine the effects of stocking density on channel catfish growth and water 
quality in plastic-lined ponds. We found that low density stocking rates are the best way to 
ensure high growth rates and lower nutrient concentrations when culturing channel catfish in 
plastic-lined ponds. 
Concentrations of ammonia and total phosphorus were highly correlated with feed 
added to the plastic-lined ponds. Ammonia is produced from catabolism of dietary protein 
(Hargreaves 1998; Hargreaves and Kucuk 2001). Protein catabolism associated with feed 
consumption by fish results in elevated ammonia production (Jarboe 1995). Feed is the major 
source of phosphorus to channel catfish ponds (Boyd, 1985). Ponds with higher stocking 
densities exhibited higher nutrient levels in both culture seasons; there was a significant 
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difference in total phosphorus concentration in 2003 and significant differences in ammonia 
and total phosphorus in 2004. 
Channel catfish stocked at a rate of 38,000 fish/ha in 2004 showed the highest growth 
rates of the two culture seasons over fish stocked at 75,000 fish/ha, in both 2003 and 2004, 
and fish stocked at 112,000 fish/ha in 2003. There were no significant differences in growth 
rates or harvest length between the treatments in 2003. In 2004, catfish stocked at 38,000 
fish/ha had significantly higher growth rates and longer harvest lengths then the fish stocked 
at 75,000 fish/ha. Sparrow (1996) reported no differences in catfish production between 
stocking rates of 24,700 and 37,050 fish/ha in plastic-lined ponds. The study suggested that 
these stocking densities are below the carrying capacity of their ponds. 
Based on the results of this 2 year study, it appears that the optimal stocking density 
for channel catfish in the Iowa Department of Natural Resources' production ponds is 
somewhere between 38,000 and 75,000 fish/ha. Growth rates and water quality parameters 
were significantly different in a positive manner toward the lower stocking rates. 
Research Ponds 
State agencies operate under strict budgets and reducing operation costs are at a 
premium. The Iowa Department of Natural Resources tries to produce and stock high quality 
sport fish into public waters for the angling public. Feed cost, which is the major variable 
operating cost associated with the production of channel catfish, is primarily dictated by the 
cost of protein (Robinson and Li 1997). Protein is the most expensive dietary component in 
catfish feeds and a primary consideration in feed formulation (Brown and Robinson 1989). 
This study was proposed to evaluate the effects of dietary protein on channel catfish 
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production and water quality in plastic-lined ponds. The addition of earthen ponds also 
allowed us to look at growth and water quality between two dynamic systems. 
Six 0.04 ha plastic-lined and six 0.08-ha earthen ponds were used for this study. The 
two sets of ponds were randomly applied a treatment that consisted of being applied a feed 
that contained either 28 or 36% dietary protein. Catfish were stocked at a rate of 38,000 
fish/ha in all ponds. Fish were from the same brood and year class. Catfish in the plastic-
lined ponds had higher growth rates, but lower survival, then the fish in the earthen ponds. 
We believe one reason for the differences in growth was that the catfish in the plastic-lined 
ponds accepted the commercial diet sooner then the catfish in the earthen ponds. However, 
this probably came at a cost in that fewer fish ultimately survived to harvest. In their 
introduction, Mischke et al. (2003) stated that survival of channel catfish fry after being 
stocked into ponds is not well documented and cite a range of 55% to 80%. Bonneau et al. 
(1972) reported that catfish accepted supplemental feed when lack of natural food would 
limit growth. In plastic-lined ponds that are filled immediately before ponds are stocked, 
there is a limited natural food supply. With the cooler conditions of 2004 and the lack of 
natural food present if these plastic-lined ponds are not fertilized (Rogge et al. 2003), it is 
reasonable to assume that these young catfish did not obtain the necessary food items to 
survive after being stocked into these ponds. Catfish in the earthen ponds had an ample 
supply of chironomid larvae to feed on as was witnessed by dissecting a few samples early in 
the culture season. It is also believed that the lower percent survival in the plastic-lined 
ponds could have resulted from a lack of food at the onset of the culture season. 
The second reason that could have contributed to lower growth in the catfish cultured 
in the earthen ponds is location and subsequent differences in water temperature. The earthen 
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ponds are located approximately 193 km north of Rathbun Fish Hatchery. Boyd and Tucker 
(1998) report the optimum range for culturing channel catfish as 25-30° Celsius. Both sets of 
ponds had mean water temperatures below this range, with the earthen ponds averaging 2 ° C 
less then the plastic-lined ponds. 
Water chemistry results were not as expected, based on past water quality studies. 
Plastic-lined ponds that were applied the 28% protein feed exhibited higher nutrient 
concentrations compares to the ponds that received the 36% protein feed, with an overall 
difference in total phosphorus. Nitrogenous wastes tend to increase when fish are fed higher 
protein feeds (Li and Lovell 1992; Robinson et al 2004); however nitrogenous compound 
concentration was higher in ponds fed the lower protein diet, but there was no significant 
difference. Mean ammonia levels were significantly higher in the 36% protein feed 
treatment in the earthen ponds. However, nutrient levels did not increase linearly with 
cumulative feed. This is because of extra water used in both treatments to re-fill the earthen 
ponds through out the culture season. Because the water contained high amounts of 
ammonia and phosphorus, the nutrient level of the incoming water had a more significant 
effect on the nutrient levels in the ponds then the feed. 
Based on the results from this study, it appears that a 28% protein diet may not be 
sufficient to rear channel catfish in plastic-lined ponds in Iowa. Robinson et al. (2004) 
indicate that a 28% protein diet provides the same level of channel catfish production as a 
40% protein diet even when feeding was restricted. Jackson et al. (2003) report that either a 
28% or 32% protein diet can be fed to channel catfish whether they are fed to satiation or fed 
a restricted ration with no detrimental effects on growth. However, fish in both of these 
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studies were larger at the start of the culture period then the fish we used and may have not 
needed as high a percentage of protein as what our fish required. 
Final Conclusions and Future Considerations 
It appears that the plastic-lined ponds at the Rathbun Fish Hatchery and Fish Culture 
and Research Facility can accommodate stocking densities of channel catfish that range 
between 38,000 and 75,000 fish/ha. Without sediment to adsorb over abundances of 
phosphorus added from feed, dissolved oxygen deficiencies are possible because of excess 
phytoplankton growth. Carbon dioxide levels will also be affected by the high levels of 
phytoplankton, causing large diurnal shifts in pH. These large shifts in ph may be aided by 
the fact that the Rathbun water supply has low alkalinity and is not able to buffer against high 
swings in pH. If pH rises substantially and afternoon temperatures are high, then an 
increased risk of ammonia toxicity exists. If feed is restricted to control nutrient levels, 
growth of the channel catfish fingerlings will be compromised. 
The optimal stocking densities for these plastic-lined ponds should be between 38,000 
and 75,000 fish/ha. Also, the lowest protein feed acceptable should be fed to these fish. By 
using lower stocking densities the Iowa Department of Natural Resources can use less feed 
while culturing a larger and healthier fish that will survive better once stocked into public 
waters. By doing this along with using a lower protein feed, costs can be reduced. The 
question as to whether lower protein feeds improve water quality was not answered. The 
lower protein feed in this study actually inhibited the quality of the culture water. The two 
feeds used were from two separate manufacturers. If further studies progress into the 
benefits of lower protein feeds, experimental feeds should be manufactured by the same 
company. It also important that the feeds being tested are going to be available in the future 
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and that formulations for said feeds will be consistent each season. The question as to which 
pond is better for the culture of channel catfish in Iowa was not answered. Earthen ponds 
allow for the adsorption of excess phosphorus, while plastic-lined ponds allow for easier 
harvest and are able to be rinsed so that past culture events have little to no effect on the 
current culture season. This question will require future research to be answered. 
A base protocol still needs to be determined in regards to stocking density and 
feeding regime. It will be necessary to do preliminary analyses of feed samples prior to 
commencement of future culture seasons. We expected the ponds that were fed the 28% 
protein feed t have lower concentrations of total phosphorus compared to the ponds given the 
36% protein diet; however the exact opposite happened. Analysis of feed samples after the 
season was over revealed that the 28% protein diet actually contained more phosphorus then 
the 36% protein diet. Using diets from the same manufacturer may alleviate this problem. 
Perhaps using a 32% protein feed, IDNR staff could produce channel catfish more 
efficiently without degrading water quality. Once an exact stocking density and protein feed 
is determined, changes to the feeding rate should be investigated. There is a possibility that a 
32% feed can return a sufficient growth at a restricted rate that a 28% feed can only give if 
fed at satiation. In conclusion, more research is needed to determine the best management 
practices for culturing channel catfish in Iowa's plastic-lined ponds. 
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